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FOREWORD

General military specifications and military standards are
top-level DOD standardization documents. They are prepared in
accordance with DOD directives to establish a formal corporate
memory of good practices and requirements. In some cases they
are referenced in government regulations to impose internal
compliance on government organizations. More typically, these
DOD standardization documents are intended for reference in
contracts as compliance documents for imposing the good
practices and other stated requirements on contractors.
Although these roles are broad, many facet6 of engineering
technical data that are important to program success are not
appropriate for inclusion in these formal DOD standardization
documents. These added facets of information may be documented
in technical reports or, a6 in this case, in military handbooks.

This military handbook is intended to document additional
facets of engineering technical information pertinent to the
requirements stated in MIL-STD-1540B,  “Test Requirement6 for
Space Vehicles. I) As a technical reference, this handbook should
provide the basis for achieving a consistent technical approach
for tailoring MIL-STD-154OB requirements, where appropriate, and
may also provide the bases to justify deviations or alternative
approaches where they are appropriate. Each major subsection of
this handbook addresses a subject taken from MIL-STD-15408.
Remember that the information included herein is for general
guidance; it need not be followed if it doe6 not accommodate the
requirements of the program. In the case of difference6 between
this handbook and the requirements of MIL-STD-1540B,  the
requirements of MIL-STD-154OB  should take precedence.

Some guidance regarding format, presentation, and
organization of material in this military handbook seems
a d v i s a b l e . The handbook has the same organization as a military
s t a n d a r d ,  i . e . , the  f irs t  three  sect ions  are:  Sect ion 1 ,  Scope,
Section 2, Referenced Documents, and Section 3, Definitions.
Sections 4 through 12 generally follow the eequence  of material
in.MIL-STD-1540B,  although two or more subject6 or paragraph8 of
MIL-STD-1540B are often linked and discussed in one major
section or subsection of this handbook. Thus.  the  sect ion.
subsection, and paragraph number8 of this handbook do not
COrre8pOnd to the paragraph numbers of the standard. However,
exact references are given in the handbook to the corresponding
paragraph numbers of MIL-STD-1540B.

(Continued)
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FOREWORD (Continued ) .

For the convenience of the u6ers of MIL-STD-1540B.  Table XXI
in Section 13 of this handbook provides a cross-reference f r o m

.the primary MIL-STD-1540B paragraph number6 to the COrre6pOnding
.paragraph  nUmber6-  of t h i s  hand.book,

Each major subsection of thi6 handbook addresses  a 6UbjeCt
are1 of interest. Each subject area is organized into three
major paragraph6. The first paragraph is titled %tandard
Criteria,” and it quote6 the text of the MIL-STD-1540B
paragraph6 which are di6CU66ed. This allow6 the reader to use
this handbook without constant reference to the standard, making
it easier and more efficient to use. Also, for the convenience
of the reader, the text quoted from MIL-STD-1540B is printed in
italic6 to distinguish it from the text of the handbook. The
second major paragraph is titled “Rationale for .“.,I) and it
contain6 background information such as the purpose or reasons
for the 6UbjeCt  area requirement6 in the standard. The third
major paragraph is titled Wuidance for Use of . . ..@I and it
contain6 the information intended to aid the reader in the
detailed application of the MIL-STD-1540B requirements for that
subject area.

.
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SECTION 1

SCOPE

1.1 GENERAL

This  handbook provides  addi t iona l  in format ion  per ta in ing  to
t h e  t e s t  r e q u i r e m e n t s  o f  MIL-STD-154OB, “Test  Requirements for
Space Vehicles. I8 This handbook includes information only on
those  tes t  requi rements  for  which  addi t iona l  explana t ions  and
guidance have been developed beyond that given in
MIL-STD-1540B. S e c t i o n  13 of this handbook provides an index
and a cross reference from MIL-STD-1540B paragraph numbers to
the corresponding paragraph numbers of th i s  handbook. F u r t h e r
information and addit ional sections may be developed and added
to  the  handbook in  fu ture  rev is ions .

1.2 PURPOSE

This handbook was writ ten to provide explanations and
guidance to the users of MIL-STD-1540B. The information
presented  here in  i s  in tended  to  a id  in  the  formula t ion  and
review of the detai led test  requirements for space vehicles
including the tailoring of MIL-STD-1540B requirements into
s p e c i f i c  p r o g r a m  s p e c i f i c a t i o n s  o r  c o n t r a c t s .

*
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2 . 1

SECTION 2

REFERENCED DOCUMENTS

GOVERNMENT DOCUMENTS

2 . 1 . 1  S p e c i f i c a t i o n s .  S t a n d a r d s .  a n d  H a n d b o o k s . Unless
o t h e r w i s e  s p e c i f i e d , t h e  f o l l o w i n g  s p e c i f i c a t i o n s ,  s t a n d a r d s ,
and  handbooks  of  the  i s sue  l i s ted  in  tha t  i s sue  of  the
Department of Defense Index of Speci f ica t ions  and  Standards
(DoDISS)  s p e c i f i e d  i n  t h e  s o l i c i t a t i o n  f o r m  a  par t  o f  th i s
s t a n d a r d  t o  t h e  e x t e n t  s p e c i f i e d  h e r e i n .

SPECIFICATIONS:

STANDARDS

M i l i t a r y

MIL-STD-810 Environmental Test Methods and
Engineer ing  Guide l ine6

MIL-STD-1522 Standard General  Requirements for Safe
Design and Operation of P r e s s u r i z e d
Missile and Space Systems

MIL-STD-154OB Test Requirements for Space Vehicles

2.1.2 Other Government Documents. Drawings, and
Publ i ca t ions . The following other Government documents,
drawings , and  publ ica t ions  form a  par t  o f  this s tandard  to  the
e x t e n t  s p e c i f i e d  h e r e i n .

NASA S-69-1117 Leakage Testing Handbook

( C o p i e s  o f  s p e c i f i c a t i o n s ,  s t a n d a r d s ,  h a n d b o o k s ,  drawings,  a n d
publ ica t ions  requi red  by  cont rac tors  in  connec t ion  wi th
spec i f ied  acquis i t ion  func t ions  should  be  ob ta ined  f rom the
c o n t r a c t i n g  a c t i v i t y  o r  as  d i r e c t e d  b y  t h e  c o n t r a c t i n g  o f f i c e r . )

2 . 2 ORDER OF PRECEDENCE

In the event of a conflict  b e t w e e n  t h e  t ex t  of  t h i s
handbook and MIL-STD-1540B, the MIL-STD-154OB requirements shall
take precedence a
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The dsfinit.iona of terms used in th%s handbook aEe the same
as def.ined in
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SECTION 4

APPLICATION OF TEST REQUIREMENTS

4.1 APPLICATION TO OTHER VEHICLES

4.1.1 Standard Criteria. Contents of Paragraph 1.2 of
MIL-STD-154OB  (the intended application of the standard), are as
follows:

1.2

to a

APPLICATION

The tailored application  of these test requirements
particular space program is Intended to assure a high

level of confidence in achieving a successful space
mission. This standard is intended for use in the
procurement of space vehicle hardware, including  space
vehicles and afrborne support equipment that remain in the
space shuttle orbiter during orbital flight, as well as
orbital sa telldtes.

4.1.2 Rationale for Apnlication  of Test Reuuirements.
The test requirements specified are a composite of those tests
currently used in achieving successful military space missions.
MIL-STD-1540B therefore establishes a standard test baseline
applicable to all space vehicles. However, it is intended that
the test requirements for use on a particular space program
should be tailored to the specific vehicle or project,
considering the realistic environmental life cycle, design
complexity, state of the art, mission criticality, and
acceptable risk. Of course, any program may find it revealing
to make comparisons of its planned test program to these
established baselines, regardless of the contractual
requirements.

4.1.3 Guidance for ADDliCatiOn  of Test Reauirements to
Other Vehicles. In addition to the use of the stated baseline
test requirements for military space vehicle and airborne
support equipment, the tests in MIL-STD-154OB  are stated in
terms of design and operating environments. That means that the
test requirements often can be applied directly to other types
of vehicles e or they can be easily modified to apply to other
types of equipment requiring high reliability. In particular,
the qualification and acceptance test requirements for
components of space vehicles (Paragraphs 6.4 and 7.3 of
MIL-STD-154OB) often are directly applicable to components of
other types of vehicles. For example, the component test
baselines usually can be applied directly to testing components

5
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of missiles, launch vehicles, and injection stages. The space
vehicle tests (Paragraphs 6.2 and 7.1 of MIL-STD-1540B) may also
be tailored for testing of launch vehicles and injection
stages. The major considerations in these cases are the
differences in the environmental life cycle and the service life
of the different vehicles. For example, the service life of an
injection stage is from several minutes to several days versus
only minutes for expendable launch Vehicles,  while the service
life of a military space vehicle may be 10 years or more .

4.2 QUALIFICATION BY SIMILARITY

4.2.1 Standard Criteria. MIL-STD-1540B does not directly
address criteria for the qualification of items by similarity:
however, it doe6 provide the standard test baselines for
comparison.

4.2.2 Rationale for Qualification bv Similarity. The
continued production and use of items designed for space
vehicles of one program on space vehicles of another program is
of interest to every program office. Not only are the design,
tooling, and qualification costs eliminated for subsequent
programs, but the continuing usage of the same item increases
the confidence in the item’s reliability. Of course, to
accommodate specific requirements of another program, it may not
be possible to use the same exact item, so there may be changes
required in the item or in its testing. If those changes are
within reasonable bounds, then qualification of the revised item
by similarity should be considered.

4.2.3 Guidance for Qualification bv Similarity

4 .2 .3 .1  Comnonent Cr i ter ia . If component “Al’ is to be
considered as a candidate for qualification by similarity to a
component IIBfil that has already been qualified for space use,
then all of the following condition6 should apply:

a. Component llAll  shou.ld  be a minor variation of
component l#B.  II Dissimilarities will require
understanding and evaluation in terms of weight,
mechanical configuration, thermal effects, and
dynamic response. Minor design changes involving
SUbStitUtiOn of piece parts and materials with
equivalent reliability items can generally be
tolerated. Design dissimilarities resulting from
addition or subtraction of piece parts and
particularly moving parts, ceramic or glass
parts, crystals, magnetic devices, and power
conversion or distribution equipment should be
given priority attention in the evaluation.

--
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‘V

b.

C.

Components rA1l and @IB” should perform similar
functions, with eB” having equivalent or greater
operating life with variations only in terms of
performance such as accuracy, sensitivity,
formatting, and input-output characteristics.

Components ‘IAl’ and ‘IB” should be produced by the
same manufacturer using identical tools and
manufacturing processes.

d. The environments encountered by component IfiB”
during its qualification or flight history should
have been equal to or more severe than the
qualification environment6 intended for component
“A. II

e. Component I’B” should have successfully passed a
post-environmental functional test series
indicating survival of the qualification stresses.

f . Component ‘IB” should have been a representative
f l ight  art ic le .

g. Component IIB” should not have been qualified by
similarity or analysis .

4 .2.3.2 Criteria for Other Items. In some cases, the
item to be qualified by similarity is not a component but is
some other level of assembly, such a6 a Subsystem. In that
ca6e. the criteria for the item to be qualified by similarity
would be the same as though the item were a component (see
Paragraph 4.2.3.1).

4 .2 .3 .3  Part ia l  Testinq. It is recognized that in some
cases, where all the criteria in Paragraph 4.2.3.1 are not
Satil;fied, qualification based on engineering analysis plus
partial testing may be permissible. In this case, negotiation
between the contracting officer and the contractor may result in
an abbreviated testing program satisfactory for qualification of
the component OK item in question. The acceptability of
qualification by similarity should be documented by test
reports, drawings, and analyses. This justification or proof o f
qualification should be prepared in data package6 and submitted
to the contracting officer a6 required by the contract. The
contracting officer usually has the final decision as to the
acceptability of qualification by similarity, and the burden of
proof of qualification is the re6pOnSibility  of the contractor.

7
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SECTION 5

DEFINITION COMMENTS

-

5.1 DESIGN ENVIRONMENTS

5 . 1 . 1  S t a n d a r d  C r i t e r i a . Contents of Paragraphs 3.8,
3 .9 , 3.12,  and 4.2.2 of MIL-STD-154OB (definit ion6 of design
envi ronments , des ign  margins , and  requi rements  for t o l e r a n c e s
are  presented  in  order  to  provide  guidance  regard ing  the
i n t e r a c t i o n  o f  these p a r a m e t e r 6  a n d  t h e i r  e f f e c t  o n  t h e  t e s t
requirement6 of space vehicle6 and components.

3.8 DESIGN ENVIRONHENTS.  SPACE VEHICLE

The design environments for a space vehicle are the
composite of the various environmental stresses to which
the space vehicle must be deslgned. Each of the design
environments for a space vehicle is based upon:

a. The maximum and minimum predIcted environments
during the operational life of the space
vehicle, plus

b. An environmental design margin (see 3.12) that
increases the environmental range to provide an
acceptable level of confidence that a failure
will not occur during the service life of the
space vehicle.

3.9 DESIGN ENVIRONHEN!PS, SPACE VEHICLE COKPONENTS

The design environments for space vehicle components
are the composfte of the various environmenfal stresses to
which the space vehicle hardware components must be
designed. Each of the design environments for a space
vehicle component is based upon:

a. The maximum and minimum predIcted environments
during the operational life of the component, or
for temperature, a standard thermal range
between -24 deg C a,nd +61 deg C when the
predkted range is less severe, plus

b. An environmental design margin fsee 3.121 that
increases the environmental range to provide an
acceptable level of confidence that a failure
will not occur during the service life of the
-component (see 3.37).

9
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3.12 ENVIRONHENTAL  DESIGN MARGIN

An environmental design margin
increase in the environmental range
(and for the qualification testing)
the risk of an operational failure.

for an item is an
used for the design
of an Item to reduce
It may Include

increases An 'the maximum levels, decreases in the minimum
levels,
Ievels.

and increases in the time exposure to the extreme
The environmental design margin is intended:

a.

b.

C .

d.

Xo accommodate differences among qualification
and flight tm$ts due to variations in parts,
materfals,.processes,  manufacturing, testing,
and degradation during useage;

To incorporate the allowable test condition
toferances;

Xo avoid qualifltcation  test levels that are less
severe than the acceptance test ranges or
operating ranges;

To help assure against fatigue failures due to
repeated testing and operational use.

Unless otherwise specified, the test condition
tulerances allowed by this standard are assumed to be
incorporated in the environmental design margin. For
example, space vehicle items are designed, unless
otherwise specified, to thermal environments 10 deg C
higher and 10 deg C lower than the maximum predicted
thermal -ranges (see 3.251. This 10 deg C environmental
design margin includes a 2 3 deg C tolerance for
acceptance test conditions and a + 3 deg C tolerance for
qua1 ff ica tIon test condi tfons.

Unless otherwise specified, space vehicle items are
also designed to acoustic noise and random vibration
environments that are 6 tD3 above the maximum predicted
levels. This 6 dir environmental design margin for
acoustic noise and random vibration includes a 2 1.5 dB
tolerance in the overall level (integrated root ~llt?an
square value over the total frequency range of the test
spectrum) for acceptance test conditions and a 2 1.5 dB
tolerance for qualificat$on test conditions.

Mhen the qualification or acceptance tests are
controlled using test condition tolerances with magnitudes
less than specified herein (3 deg C or 1.S dB), the

10



MIL-HDBK-340 (USAF)
01 JULY 1985

-
environmental design margins (10 deg C or 6 dB) may be
reduced accordingly. For example, if qualfffcation  and
acceptance acoustic tests were both controlled to + 1.0
dB, the design margin would be 5 dB instead of 6 tiB. If
larger test condition tolerances are allowed, then the
design margins would be increased accordingly.

Other enviromntal  desdgn margIns applicable to
space vehicle items include 6 &3 for shock, 6 dB for
sfnusof da1 vibration, a factor of 2 for launch or
injection acceleration, and a factor of 1.25 for maximum
acceleration of deployed components on a spinning space
vehicle.

Another element of the environmental design margin
is the time the item is exposed to the design
environmental levels. An Increase fn exposure time or
number of cycles over that expected in operation As
usually specified for vfbratfon and acoustic design
environments  to increase confidence that wearout or
fatigue failures will not occur. Of course, the
envIronmenta design margins may be changed to either
higher or lower levels, or to longer or shorter exposure
tMes, depending upon specific program requirements and
allowable risk.

4.2.2 Test Condf tion Tolerances

The test condition tolerances allowed by this
standard shall be applied to the nominal test values
specified. Unless othezwlse  specified, the following
maximum al lwable  tolerances on test condltfons shall
apply.

I--

l Temperature + 3degC

Pressure
Above 1.3 x lo2 pascals (1 TorrJ 2 10 percent
1.3 x 10-l to 1.3 x lo2 pascals 2 25 percent

(0.001 Torr to 1 Torrl
mess than 1.3 x 10-l pascals 2 a0 percent

(0 .OOl Torr)

Relative Humldfty + 5 percent

Acceleration 2 10 percent

11
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I

Vfbzatfon Frequency + 2 percent
.

Sinusoidal Ylhra tion AmpZftude + 10 percent

Random Vibration Acceleration
Power Spectral Density

20 to. 500 Hz (25 Hz or narroweri 2 1.5 dB
500 to 2OOQ Hz (50 Hz or narrtwerl 2 3.0 da

Random OveraIl gms 2 1.5 dB

Pressure Level
l/3 Octave- Band L3.Q dB
Overall + 1.5 dB

Shock Response Spectrum fQ = 10)
l/6 Octave Band Center 2 6 dB wfth 30 percent
Frequency Aiupli tude of the response spectrum

center frequency amplitudes
greater than nominal test
specif fcation

static Load + 5 percent

5.1.2 Rationale for Definitions of Design Environments.
The environmental levels to which an item should be qualified
are the same as the design environmental levels for the item.
These design environmental levels are typically based upon the
maximum and minimum predicted environmental levels for an item
during its operational life plus the appropriate environmental
design margin. The maximum expected extremes of the operational
environments are defined in Paragraphs 3.8 and 3.9 of
MIL-STD-154OB. A standard operating thermal range of -24 deg C
to +61 deg C is usually used for components when the maximum
predicted operating range is less severe. The environmental
design margins specified are primarily intended to incorporate
the allowable test condition tolerances and to accommodate any
differences among_production  units. The environmental design

. margins are also intended-toa;*assure  qualification test levels
that are more severe than the maximum operating ranges that can

-occur in flight and help assure against performance degradation
and fatigue failures due to repeated acceptance testing and
operational use. For example, the 10 deg C environmental design
margin specified in MIL-STD-1540B makes the standard thermal
design range for components from -34 deg C to +71 deg C. This
standard design range for space components is similar to that
used for aircraft subsystems and therefore should not impose
unusual design problems in most cases. In addition, this
standard design range encourages the development of standard

12
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modules, provides a very revealing test screen for defective
components, allows components to be moved to other locations on
a spacecraft without affecting qualification, and may allow the
use of a qualified component on other spacecraft without
requalification.

5.1.3 Guidance for Anplication of Design Environments.
Environmental acceptance tests of space vehicles and components
are intended to aid in detecting workmanship and material
problems and to verify proper functioning during exposure of the
items to environmental levels equal to the maximum extremes
predicted during their operational life. The differences
between the environmental levels used for acceptance testing and
for qualification testing are therefore the specified
environmental design margins. Where qualification equipment is
used for flight, the standard environmental design margin6
should be reconsidered, as discussed in Section 11 of this
handbook.

As used in MIL-STD-154OB, environmental design margins may
be interpreted to be the same as qualification test margins.
The margins are added environmental exposure in amplitude (e.g.,
temperature level or vibration amplitude) and, in the case of
dynamic environments, exposure duration. The design margin is
intended to diminish the risk of operational failure due to
manufacturing variations in flight hardware which might produce
less resistance to failure than the qualification specimen.
Also, the margin6 assure that the hardware will be flightworthy
following repeated acceptance tests, should they be necessary,
and they ensure the capability for retest necessitated by rework
and repair6 without the risk of fatigue failure. If
qualification hardware is to be used for flight, Consideration
should be given to the fatigue life as it relate6 to the design
margin.

To assure that minimum design (qualification) test margin6
are maintained, consideration is given to the effect of test
tolerance6 on margins. The contribution of tolerances to the
margin determination process is described in detail in
Paragraph 3.12 of MIL-STD-1540B. The nominal margins generally
specified may be decreased as long as test tolerances are
commensurately tightened. The tolerances in Paragraph 4.2.2 of
MIL-STD-154OB permit Variation in test amplitude6 from Specified
values in recognition of generally attainable test control
capabilities. The interaction between margins and tolerance6
should be recognized in order to avoid unrealistically tight
tolerances which would be required if test margins were
excessively reduced.

The maximum exposure time for acceptance random vibration
tests, so as to not exceed the fatigue damage potential of the

13
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quali f ication test , is strongly inf-l-uenced_ _ ~_ by the relation
between the qualification and .acceptance test levels. I f
qualification test margins .are relatively low, the number of
allowable acceptance tests which can be repeated before the
fatigue strength may-be exceeded, as demonstrated by the
quali f ication test , is seriously limited. This interaction
should be considered in evaluating environme,ntal qualification
test margins. Further details of retest limits are provided in
Section 6.3 of this handbook. ‘.

5 l 2 &IMI.T.  .AND UM%!JATR .LOAf)S

S A.1 Standard Cr’ite.r_ia. Contepts of Paragraphs 3.18 and
3.46 of MIL-STD-154OB  (definitions of limit load and ultimate
load.1 arle as  ,fo&Sows:

The 1-t load fs ‘the.maxAmwn  anticipated foad, or
combfnatfon of loads, which a structure may be expected to
experience during the performance of speciffed missions An
speciff ed environments. Since the actual Joads that are
experienced in service are in part random in nature,
statistical me'thods for predicting limit loads are
employed wherever crpproprfate.

3.46 ULTXHATE LOAD

The ultimate load is the maximum static ioad to which
a structure is desIgned. It is obtained by multlplyAng
the lftit load (see 3.18) by the ultimate factor of
safety.

5.2.2 Rationale for Definitions of Limit and Ultimate
Loads. Th,e prime objective of the structural design process is
to have a structure capable of functioning satisfactorily at the
most severe operational load6 and environmental conditions.
Prediction o.f the extreme worst case anticipated loads takes
into account environmentally induced loads and pressures, their
time and phase relationships, frequencies, durations,
statistical characteristics, and the manner in which various
load sources combine. The worst case anticipated service loads
are termed limit loads and are intended to represent a low
probability extreme event. In case of uncertainty in dynamic
load sources and dynamic structural characteristics, an
uncertainty factor is usually incorporated when defining limit
load.

In order to ensure satisfactory operation at limit load, it
is required that the structure be capable of withstanding limit
load conditions without gross yielding or, for conditions.more
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.- severe than limit load, without catastrophic failure, such a s
‘rupture or collapse. Such extreme conditions may arise from
inaccuracies in analysis and verification testing, structural
discrepancies, and variations in material and structural
properties. Compensation for these variations is provided by
the factor of safety. The ultimate loads therefore equal the.
limit loads multiplied by the ultimate factor of safety.

5.2.3 Guidance for ApDlication  of Limit and Ultimate
Loads. Limit load and ultimate load are the critical design
and test load levels in the structural integrity verification
process. Structural adequacy of design is demonstrated by
qualification tests conducted on flight quality hardware as
described in Paragraph 6.3.1 of MIL-STD-154OB  for general
(nOnpre6SUriZed)  structures and Paragraph 6.4.10 for pressure
vessels. Success criteria for the qualification test include as
primary requirements that the structure sustain limit loads
without any gross yielding or detrimental deformation and
ultimate loads without rupture or collapse. If limit and
ultimate load tests are required for qualification of
pressurized structures, including main propellant tanks and
solid rocket motors, they must be conducted at the most critical
combinations of external loads and internal pressure. This
requirement is detailed in MIL-STD-1522.

Frequently, in order to establish additional confidence in
the design, yield load (limit load times the yield factor of
safety) is used in place of limit load. In such cases, the
structure is required to sustain yield loads without excessive
yielding or detrimental deformation.

5.3 ACOUSTIC ENVIRONMENT

5.3.1 Standard Criteria. Content6 of Paragraph 3.20 of
MIL-STD-1540B (definition of maximum predicted acoustic
environment) is as follows:

3.20 MAXIMM PREDICTED ACOUSTIC ENvIRONHW!l’

. -.
The_&axlmum pze&cted acoustic  environment Is

extreme value of fluctuating pressure occurring on
external surface of the space vehfcle whfch occurs
liftoff, powered flight, or reentry. The maximum

the
the
during

predicted acoustic environment test spectrum is specified
based on one-third octwe bands over a frequency range of
32 to 10,000 Hertz (Hz). The duration of the maxfmum
environment fs the total period when the overall amplitude
is within 6 di9 of the maxImum overall amplitude. Where
sufficient data are available, the maximum predicted
environment may be derfved using parametric statistical
methods. The data must be tested to show a satisfactory
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fit to the assumed underlyfnq  dbtriliution. The maximum
predicted environment i‘s defined as equal to or greater
than the value at the ninety-fffth.percentile  value at
least 50 percent of the time-.'. Where there are less than
three data samples, a minimum ma&n- of 3 dB is appl'ied to
the prediction to account for the var2abflfty of the
envfronment.

5.3.2 Ratfonale for Definitson of Maximum Predicted
Acoustic Environment. The acoustic environment experienced by
a space vehicle is the forcing .function which produces most of
the vehicle vibration response at frequencies greater than 50
Hz. The relat ive  contributions  of  the forcing funct ion
producing these vibration responses are dependent on the launch
v e h i c l e , the space vehicle configuration, and the particular
loca t ion  o f  in t ere s t . Vibration requirements for Components on
Space vehicles, therefore, are nearly always linked directly to
the acoustic environment to which the vehicle is exposed. The
vibration criteria for a payload would be based on the acoustic
level within the payload compartment but external to the
payload. FOK launch vehicles it would be based on the level
external to the applicable launch vehicle equipment zone. The
acoustic environment is generally near maximum levels for
approximately 10 seconds at launch due to ground-reflected
acoustic energy emanating from the exhaust flow. During
transonic and maximum dynamic pressure regions of flight,
acoustic levels comparable to launch levels can exist for up to
30 seconds. Acoustic environments during these time periods can
have large spatial variations. Consequently, acoustic design
criteria for space vehicles are sometime6 defined by zones.
More Commonly. however, a single criterion is defined which
represents the maximum environment in one-third octave bands to
which any vehicle surface is expected to be exposed. The goal
is to define the maximum level in statistical terms as discussed
in Paragraph 3.20 of MIL-STD-1540B. Seldom. however. does
sufficient data exist to allow performance of rigorous
statistical analysis. Nevertheless, the maximum expected
acoustic environment is usually developed considering variations
such as different launch pads, different trajectories. spatial
variations within the launch vehicle payload compartment, and in
some cases different launch vehicles.

5.3.3 Guidance for Application of Maximum Predicted
Acoustic Environment. Generally, as stated in Paragraph 5.3.2,
the maximum predicted acoustic environment represents the
highest environment to which any vehicle surface i6 expected to
be exposed. A single maximum environment definition is the
preferred approach for most programs. This KeSUltS in lower
cost test programs and simplifies definition of the design
criteria. In some ca6es. however, this may require significant
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overdesign of many elements of the vehicle. For example,
currently in the Space Transportation System (STS) orbiter cargo
bay, a high intensity local environment exists near the cargo
bay vents. For cases such as this, it may be more cost-effective
to design only the hardware located near the vents for the local
high intensity environment. However, the testing necessary to
simulate this could be more costly, since most acoustic test
facilities are geared to provide uniform environments.
Additional test equipment and special test procedures would be
needed to produce a local more intense environment.

5.4 PYROTECHNIC SHOCK ENVIRONMENT

5.4.1 Standard Criteria. Content6 of Paragraph 3.22 of
MIL-STD-1540B (definition of maximum predicted pyrotechnic shock
environment) is as follows:

3.22 MAXIMU PREDICTED PYRO SHCZK ENVIRONMENT

The pyro shock envfronment imposed on the space
vehicle components is due to structural response when the
space or launch vehicle electro-explosive devices are
activated. Resultant structural response accelerations
resemble the form of superfmposed complex decaying
sinusoids whdch decay to a few percent of their maximum
accelerataon  in 5 to 15 milliseconds. The maximum
predicted pyro shock environment is specified as a maximum
absolute shock response spectrum determined by the
response of a number of single-degree-of-freedom systems
using Q = 10. The Q is the acceleration amplfflcatfon
factor at the resonant frequency for a llghtly damped
system. This shock response spectrum is determined at
frequency intervals of one-sixth octave or less over a
frequency range of 100 to 10,000 Hz. where sufficient
data are available, the maximum predicted environment may
be derived using parametric statlstfcal  methods. The data
must be tested to show a satisfactory fit to the assumed
underlying distribution. The maximum predicted
environment is defined as equal to or greater than the
value at the ninety-fifth percentile value at least 50
percent of the time. Where there are less than three data
samples, a mlnlmum margin of 4.5 da Is applied to account
for the variability of the environment.

5.4.2 Rationale for Definition of MaXimum Predicted
Pyrotechnic Shock Environment. Pyrotechnic shock environment6
have caused flight failures of equipment in space Vehicles. The
pyrotechnic shock environments have large variations in
amplitude over the range of equipment mounting locations in a
t y p i c a l  s p a c e c r a f t . Shock levels vary strongly as a function of
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structural path length and structural joints between the device
or event generating the shock and equipment locations.
Typically, experimental data will show large attenuation of
higher frequency components of the shock spectra. For complex
spacecraft structures, it is not unusual for peak shock spectrum
amplitudes at frequencies in the 2000 to 10,000 Hz range to be
reduced by 20 dB from source levels in a distance of a few
feet . In repeated tests of an identical-test configuration on
well-designed space vehicles, data from a given location will
show test-to-test variations of plus and minus 6 dB. For these
reason6, it is very important to give careful consideration to
the determination of, and philosophy to be used in, establishing
maximum expected shock environments.

5.4.3 Guidance for Aoulication of Maximum Predicted
Pyrotechnic Shock Environment. Maximum predicted pyrotechnic
shock environments can be defined in several ways. As discussed
in Paragraph 3.22 of MIL-STD-1540B. it is desired that the
maximum predicted value represent a ninety-fifth percentile
value. Given that sufficient data are available, this can be a
value defined for a specific location or for a given zone of a
vehicle . Zonal requirements are preferred and are likely to be
more cost-effective on multiple vehicle programs, because this
approach minimizes the amount of requalification when changes
are made. On multiple programs, changes from one vehicle to
another usually occur which alter the shock environment for
individual components but Which may not significantly change the
zonal environment. These changes include such items a6 the
relocation of components, $odifications  to ordnance devices,
preloading in separation hardware, and structural redesign. A
penalty of this approach is possible overdesign of those
components which may be in a quiet area of the zone. On a
single vehicle program, it may be more cost-effective to tailor
the maximum predicted shock’environment for individual
components or small groups of components, based on their
proximity to shoek-generating devices.

5.5.1 Standard Criteria; Contents of Paragraph 3.23 of
MIL-STD-1540B (definitions of maximum predicted random vibration
environments) are as follows: . -_

3.23 HAXIUUM PREDICTED RANDOM VIBRATION SNVIROiiMMl'  -

The random vfbratlon environment imposed on the space
vehicle components is due to the lfftoff acoustic field,
aerodynamic excitations, and transmitted structure-borne
vibra tfon . The maxamum  predicted random vibration
environment is specified as a power spectral density,
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based on a frequency resolution of l/6 octave (or
narrower) bandwidth analysis, over a frequency range of 20
to 2000 Hz. A different spectrum may be required for
different equipment zones or for different axes. The
component vibration levels are based on vibration response
measurements made at the component attachment pofnts
during ground acoustic tests or during flight. The
duration of the maximum environment is the total period
during flight when the overall amplftude is wIthin 6 dB of
the maxdmum overall amplitude. Where sufficient data are
available, the maxImum predicted environment may be
derived using parametric statistical methods. The data
must be tested to show a satisfactory ff t to the assumed
underlying distribution. The maximum predicted
environment is defined as equal to or greater than the
value at the ninety-fifth percentile value at least 50
percent of the time. Nhere there are less than three data
samples, a minimum margin of 3 d8 Is applied to account
for the varIabillty of the environment.

5.5.2 Rationale for Definition of Maximum Predicted Random
Vibration Environment. The maximum predicted vibration
environments are principally used as design and testing
requirements for components and subsystems. Often, for
procurement of long lead items, the vibration environments must
be established well before the vehicle structural design has
matured. Information available to establish prediction6 is
usually very limited. The variability of the environment is
great, considering the large number of parameters which
influence levels for any given component location. Cost and
schedule impact6 incurred if levels are raised after release of
procurement contracts may be substantial. For these reasons,
considerable care and foresight are needed in establishing
maximum predicted vibration environments.

5.5.3 Guidance for Application of Maximum Predicted
Vibration Environment. Vibration environments in space vehicle
structure6 at frequencies above approximately 50 Hz are
primarily the result of an acoustic forcing function. The
vibration environment in a given vehicle will be proportional to
the level of acoustic excitation. Vibration levels throughout a
vehicle are highly variable and dependent upon factors such as
orientation, local resonances, damping, structural mass loading,
and degree of coupling with adjacent structures. In
establishing a maximum predicted environment, one must decide
whether this is to be the maximum environment for a Specific
axis, for a specific location, for a given zone, or poesibly the
maximum for the entire vehicle or family of vehicles: Selection
of the correct maximum vibration environment for a particular
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program situation will  be dependent on consideration6 6UCh as
the number of vehicle6 in the program, the design maturity of
t h e  v e h i c l e , avai lable  tes t  data , -and in some cases even the
design and qualification status of available component6 and
SUbSyStemS. It is recommended that a zonal approach be followed
in establishing maximum predicted vibration levels. In general,
the  pract ice  of  establ ishing vibrat ion levels  for  individual
component6 for specific location6 should be avoided. Experience
on past program6 ha6 shown that it can lead to numerous
specification change6 late in the program and costly retests.

5.6 THERMAL UNCERTAINTY MARGIN

5.6 .1  Standard Cri ter ia . Content6 of Paragraph6 3.25 and
3.45 of MIL-STD-1540B (definition6 of maximum and minimum
predicted component temperature and thermal uncertainty margin)
are provided below. These definition6 are presented in order t o
show the relationship between the maximum and minimum predicted
component temperature6 and the thermal uncertainties.

3.25 MXIMfM AND HINIflUh PREDICTED COMPONENT TEHPERATURES

The maximum and mininkun predicted component temperatures
are the highest and lowest temperatures that can be expected
to occur on each component of the space vehicle during all
operational modes including an uncertainty factor. The
component temperatures are predicted by an analytical thermal
model for all operational modes. This analytical model
includes the.effects of worst case combinations of equipment
operation, internal heating, space vehicle orientation, solar
radiation, eclipse conditions, ascent heating, and
degradation of thermal surfaces during the life of the
mission. The analytical model used in this prediction is
usually validated by a space vehicle thermal balance test
under the worst case operational modes. An appropriate
margin for uncertainties is applied to the extreme component
temperatures predicted by the analytical model, even after
validation by a thermal balance test, to obtain the maximum
and minimum predicted temperatures. This margin accounts for
uncertainties in parameters such as complicated view factors,
surface properties, contamination, radiation environment,
joint conduction, and inadequate ground simulation. Because
of these uncertainties, an uncertainty margin (see 3.451 of
at least 11 deg C is included in all cases in determining the
maximum or minimum predicted temperatures for space vehicle
components. This 11 deg C thermal margin is applied to the
temperature predictions made after the qualification thermal
balance test. This implies that even larger thermal margins
are required at the beginning of a program to accommodate
changes that typically evolve from preliminary design to the
final product. .
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3.45 THERMAL UNCERTAINTY NARGIN

A thermal uncertainty margin is included in the
thermal analysis of space vehicles to account for
uncertainties in parameters such as complicated view
factors, surf ace properties, contamination, radiation
environments, joint conduction, and inadequate ground
simulation. For components that have no thermal control ,
or have passive thermal control, the maximum predIcted
component temperatures should be at least I1 deg C above
the maximum temperature estimated for each component based
on measurements and analysis, and the mfnimum temperature
should be at least 11 deg C below the minImum temperature
estimated for each component based on measurements and
analysis. The 11 deg C is the thermal uncertainty margin
for the component. For active thermal control subsystems,
a remaining  control authority of at least 25 percent for
either or both hot and cold ljmits is specified as the
thermal uncertainty margin. I e is used to provide a
control margin equivalent to the 11 deg C uncertainty
margin specified for passively controlled components. For
example, if a 100 watt capacity proportional control
heater Is used, it should operate at 80 watts or less to
maintain the component above the tinfmum predicted
temperature. The duty cycle should be less than 80
percent for an on-off heater. A control authority margin
in excess of 25 percent should be demonstrated in cases
where an 11 deg C change in the analytically predicted
component temperatures would cause the temperature of any
part of the actfvely controlled component to exceed an
acceptable temperature limit.

5.6.2 Rationale for Definition of Thermal Uncertainty
Maruin. Reasons for utilizing an uncertainty margin are
discussed in Paragraphs 3.25 and 3.45 of MIL-STD-1540B.
Comparison of temperature prediction6 with actual flight data
for various spacecraft over the year6 6hOW6 that about 95
percent of flight temperature6 have been within & 11 deg C of
the values predicted by the analytical thermal model. Thus, the
+ 11 deg C uncertainty margin has been 6hOWn .by.experience to be
necessary in order to assure high confidence that fl"lght
temperatures will not exceed the maximum and minimum predicted
component temperatures. For active thermally controlled
components, a heater margin of 25 percent is specified in lieu
of + 11 deg C margin specified for passively controlled
components. This margin is established on the basis of
experience and is demonstrated in tests by monitoring the duty
cycle of the heater. The Specified maximum duty cycle of 80
percent demonstrate6 that the heater system has the required
margin.
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5.6.3 Guidance for Adnlication of Thermal Uncertainty
Marain. With respect to the 80 percent heater duty cycle, it
should be recognized that when the thermostat set points are
fixed at a level higher than the minimum design requirement, i t
may not be ,possible  to demonstrate by test that the duty cycle
is equal to or less than 80 percent. It would then be required
to show by analyses of test data that the heater system meets
the 80 percent requirement at the minimum design temperature.
For example, a component heater might be selected with a
controller set point 6 deg C higher than the minimum specified
temperature of 4 deg C for that item. Since it requires more
heat to maintain the component at 10 deg C than would be
required to maintain. it at the minimum design temperature of 4
deg C, the heater selected would,have a higher duty cycle. In
that case, a 92 percent duty cycle measured with the 10 deg C
control set point might be shown by analytical means to have
equal or greater capability than the 80 percent duty cycle
design requirement for a set point of 4 deg C. As another
example, a heater-protected component might never reach a cold
enough temperature, because of other test constraints, to
provide data regarding its duty cycle at the minimum heater
control point. A component heater might be selected with a
controller set point of 10 deg C, but test constraints limited
testing to temperatures above 20 deg C. Since it requires less
heat to maintain the component at 20 deg C than would be
required to maintain it at 10 deg C, the heater selected would
have a lower duty cycle. In that case, a 72 percent duty cycle
measured at the minimum test temperature of 20 deg C might be
shown by analytical means to have equal or greater capability
than the 80 percent duty cycle design requirement at the 10 deg
C control set point. The requirement for heater margins in
excess of 25 percent (i.e.. duty cycles of less than 80 percent)
may apply where small capacity heaters are used or where an 11
deg C decrease in the minimum local environment may cause a
heater with 25 percent margin to lose control authority.
Typically, this may occur for an inboard located component which
is exposed to small local temperature variations, or has a high
conductance interface with the local environment, or both.

Guidelines recommended for the application of these margins
to specific thermal control devices are presented below.

5.6.3.1 Self-Reaulatinu Heaters. Self-regulating heaters
using a fixed resistance element which exhibit a large variation
in resistance with temperature (such as llauto  trace” or posit ive
coefficient thermistors) are to be treated as passive devices.
In those cases, + 11 deg C temperature margin should be used in
determining the required system characteristics. Heater control
systems utilizing variable resistance or other proportional
controls should be treated as active control devices. These
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should demonstrate or be analyzed to show that a 25 percent
heater capacity margin exists at the minimum predicted
temperature.

5.6.3.2 Heat Pipes. Thermal margins applicable to heat
pipes should be demonstrated by tests which are to be conducted
at both the component level (i.e., heat pipe only) and at the
highest level of assembly practical (e.g., subsystem or space
vehicle  instal lat ion) . The thermal margins are defined
separately for constant conductance heat pipes (which are
treated as passive control devices) and variable conductance
heat pipes (which are treated as active control devices).

5.6.3.2.1 Constant Conductance Heat PiDes. The heat
transport capacity demonstrated at the component level should be
at least 125 percent of that required for the nominal predicted
heat load at the maximum predicted temperature of the
evaporator. The nominal heat load is defined as that predicted
by the analytical model for the worst combination of operational
modes, environments, and surface properties.

The thermal performance test, which is conducted at the
highest assembly level practical, should demonstrate the 211 deg
C margin as applicable to all passive devices and should also
provide, i f  possible , the data to demonstrate that each pipe is
functional at the system level acceptance test.

5.6.3.2.2 Variable Conductance Heat Pipes. The following
guidelines apply to variable conductance heat pipes utilizing
noncondensible gas reservoirs for temperature control. At the
component level, the heat transport capacity should be the same
as defined for constant conductance heat pipes in Paragraph
5 .6 .3 .2 .1 . The reservoir and evaporator temperature may be
adjusted as required to facilitate the simplest test procedure
with the ambient environment available.

Thermal performance of the variable conductance heat pipe
system should be demonstrated at the highest assembly level
feasible . The applicable thermal margins are defined in the
following three paragraphs.

5 .6 .3 .2 .2 .1  Heat  Rejec t ion  Maruin. When 125 percent of
the nominal predicted heat load is applied to the evaporator
mounting plate, under the worst hot case Simulated conditions,
the plate temperature should be equal to or less than the
maximum predicted temperature.

5.6.3.2.2.2 Variable Conductance Ranae. When 110
percent of the nominal predicted heat load is applied to the
evaporator mounting plate, under the worst hot case simulated
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condit ions, the heat pipe should sttll possess v a r i a b l e
conductance, as proven by the .location of the gas or working
fluid vapor interface within the condenser portion of the pipe.

5 .6 .3 .2 .2 .3  Heat,Piue Turn-Off . For a heat pipe which
has a reservoir with an active temperature control system, the
heat pipe should be turned off, i.e., decoupled from the
condenser by virtue of the gas (vapor) location, when the

evaporator mounting plate temperature is at least 6 deg C or
higher than the minimum predicted temperature. For ,a heat pipe
with a passively controlled reservoir. the turn-off points
should be at least LX deg C higher than the minimum predicted
temperature.

5.7 BURST PRESSURE.--MAKIMUWPREDICTED  OPERATING PRESSURE, AND
PROOF PRESSURE

5 .7 .1  S tanda rd  Cr i t e r i a . Contents of Paragraphs 3.4,
3.21, and 3.34 of MIL-STD-154GB  (definitions of burst pressure,
maximum predicted operating pressure, and proof pressure) are
presented in order to show the interaction between these
d e f i n i t i o n s .

3.4 ipui?sT PRESSURE

The burst pressure is the maximum test pressure that
pressurized components withstand wlthout rupture to
demonstrate the adequacy of the desfgn in a qualf flcation
test. It is equal to the product of the maximum expected
operating pressure, burst pressure design factor, and a
factor corresponding  to the differences in material
propertdes  between test and design temperatures.

3.21 MXIHUU PREDICTED OPGRILTINC PlU%SURlC

The max;fmum predicted operatAng pressure is the
working pressure applied to a component by the ‘.
pressurizing system with the pressure regulators and
reltef valves at their upper operating limit, including
the effects of temperature, transient peaks, and vehicle
acceIerat~on.

3.34 pRQW PRESSURE

The proof pressure is the test pressure that
pressurfzed components can sustain Mthout detrimental
deformation. The proof pressure is used to give evidence
of satisfactory  uorkmanship and material quality, or to
establish maximum possible flw slaes. It is equal
product of maximum expected operatfng pressure (see

to the
3.21),
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proof pressure design factor, and a factor accounting for
the difference in materfal  properties between test and
design temperature.

5.7.2 Rationale for Pressure Definitions. A pressure
vessel or pressurized structure should be tested to demonstrate
that it has sufficient strength, stiffness, and integrity to
withstand the maximum pressure anticipated during its service
life without any gross yielding, detrimental deformation, o r
leakage. This anticipated maximum pressure is called the
maximum predicted operating pressure. It is synonymous with
maximum expected operating pressure (KEOP)  and is analogous to
maximum anticipated load.

Safety and mission success dictate that a pressure vessel
or pressurized structure be capable of withstanding, without
rupture, a pressure exceeding its maximum predicted operating
pressure by an amount determined by uncertainties associated
with its design, materials used, and by the degree of hazard in
the intended use. This pressure is called the burst pressure.
It is also called the design burst pressure when it is
determined by the ultimate strength of the vessel.

To ensure acceptable quality of workmanship and general
flightworthiness, acceptance tests are conducted on every
pressure vessel and pressurized structure, including main
propellant tanks and solid rocket motor cases. The pressure
level for this test is called the proof pressure.

5.7.3 Guidance for ADDlication  of Pressure T e r m s .
Structural adequacy of the design of pressure vessels and
pressurized structures is demonstrated by qualification tests
conducted on full-scale flight-quality hardware. Qualification
test requirements include a test of one article of each pressure
vessel design to burst pressure level. Burst pressure test
requirements are given in Paragraph 6.4.10 of MIL-STD-154OB.
Requirements for proof pressure tests, required for acceptance
of every pressure vessel and pressurized structure, also are
provided in Paragraph 6.4.10.
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SECTION 6

GENERAL REQUIREMENTS

6.1 REQUIREMENTS FOR REUSABLE FLIGHT HARDWARE TESTING

6 . 1 . 1  S t a n d a r d  C r i t e r i a . Conten ts  o f  Paragraph  4 .1 .5 .2
of MIL-STD-154OB (requirements for reusable space vehicle
hardware)  a re  as  fo l lows:

4.1.5.2 Reusable Flight Hardware Testinq

Reusable space vehicle hardware consists of the space
vehicles and components intended for repeated space missions.
Airborne support equipment and space vehicles which perform
their missions while attached to a recoverable launch vehicle
are candidates for reuse, particularly for multiple mission
programs. The reusable equipment would be subjected to
repeated exposure to test, launch, flight, and recovery
environments throughout its service life (see 3.37). The
accunwla  ted exposure time of space vehicles retained in the
recoverable launch vehicle and of airborne support equipment
is a function of the planned number of missions involving this
equipment and the retest requirements between missions.
Airborne support equipment environmental exposure time is
further dependent on whether or not its use is required during
the acceptance testing of each space vehicle. In any case,
the service life of reusable hardware should include all
planned reuses and all planned retesting between uses.

The testing requfrements  for reusable space hardware
after the completion of a mission and prior to its reuse on a
subsequent mission depends heavily upon the design of the
reusable item and the allowable program risk. For those
reasons, specific details are not presented in this standard.
Similarly, orbiting space vehicles that have completed their
useful life spans may be retrieved by means of a recoverable
launch vehicle, refurbished, and reused. Until some insight
is provided by experience as to the extensfveness of required
refurbishment, detailed test guidelines cannot be provided.
Based on present approaches, it is expected that the retrieved
space vehicle would be returned to the contractor's factory
for disassembly, physical inspection, and refurbishment. All
originally specified acceptance tests should be conducted
before reuse.

6.1.2 Rat iona le  for  Reusable  Plight Hardware  Reauirements.
The advent of the STS has brought with i t  the concept of
r e u s a b l e  f l i g h t  e q u i p m e n t , which is  novel to many in the space
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vehicle community. While this concept is certainly not foreign
to the air.craft.‘i‘ndustry, space vehicle technology has fashioned
its own tetihniques  in this area. The STS shuttle vehicle faced
this problem in the design and test of .a reusable launch
vehicle . - Most elements of the shuttle vehicle were designed to
fly 100 missions.

Most space vehicles launched by a recoverable launch
vehicle utilize airborne support equipment (ASE), which remains
with the launch vehicle after space vehicle deployment. Some
payloads are not deployed but perform their mission within the
recoverable launch vehicle, return to earth with that launch
vehicle, and fly additional missions. Such multiple mission
equipment requires that special attention be given to
qualification and acceptance test requirements.

6.1.3 Guidance for Use of Reusable Fliaht Hardware
Reauirements. For reusable flight equipment, it is useful to
distinguish between environmental tests that are influenced by
mission exposure duration and those that. are not. Acoustic and
vibration tests fall into the former group, while the latter is
exemplified by thermal vacuum, thermal cycling, acceleration,
EMC, humidity, and leak tests. It is important to note that
reentry, while not normally a mission phase for single-use
flight equipment, may impose a set of environmental test
conditions for reusable flight equipment. An example would be
the inclusion of reentry deacceleration in an acceleration test
of a payload intended for multiple missions. The qualification
test requirements for reusable flight equipment can be derived
by the logical extension of the methodology contained in
HIL-STD-1540B.

6.1.3.1 Vibration Qualification Tests. The vibration
qualification durations required by MIL-STD-1540 are the greater
o f : three times the expected flight exposure time or three
times acceptance test time, but not less than three minutes per
axis. The expected flight exposure to maximum vibration levels
for a single use component flown on an expendable launch vehicle
is usually less than one minute, resulting in a qualification
test duration of three minutes. MIL-STD-154OB  also requires a
vibration qualification margin of 6 dB above the acceptance test
level . The longer duration at the higher level for the
qualification test allows a prediction of tA, which is the
time it would take a flight article exposed to the lower flight
or acceptance test levels to reach an equivalent fatigue damage
as the qualification specimen. The following formula for tA
has been adopted by a number of space contractors.

tA = (t0)(2)(a/6)W-S-E)
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a c c e p t a n c e  t e s t  t i m e  p l u s  f l i g h t  level
exposure  dura t ion  resu l t ing  in  fa t igue  damage
equivalent to damage accumulated during
q u a l i f i c a t i o n  t e s t  d u r a t i o n

v i b r a t i o n  q u a l i f i c a t i o n  t e s t  d u r a t i o n

inverse  s lope  of  s t ress  versus n u m b e r  o f
cyc les  fa t igue  curve  for  the  most  fatigue-
c r i t i c a l  m a t e r i a l  i n  t h e  t e s t  a r t i c l e

margin  be tween  qua l i f ica t ion  and  acceptance
v i b r a t i o n  i n p u t s  i n  d e c i b e l 6

2, i f  t h e  q u a l i f i c a t i o n  a n d  a c c e p t a n c e  t e s t
hardware were fabricated about the same t ime
and 3, i f  t h e  q u a l i f i c a t i o n  a n d  a c c e p t a n c e
tes t  hardware  were fabr ica ted  severa l  years
a p a r t  ( a n d  t h e r e f o r e , might not be uniform or
i d e n t i c a l )

a number ranging between 0.6 and 2.0,  in
accordance with Table I

TABLE I. Value of I’K”

T e s t ,I K ,, i f  V i b r a t i o n  F i x t u r e  Used in
Tolerance Qual i f ica t ion  and  Acceptance

i n  dB Are The Same Are  Dif fe ren t

1 .5 0 . 6 1 .2
2 . 0 0 .75 1 .5
3 .0 (nominal) 1 . 0 2 . 0

This equation f o r t
f

is considered more comprehensive of
f a t i g u e  e q u i v a l e n c e con6 derations than  s impler  express ions
s o m e t i m e s  Used which do not include the parameter6 S and K. For
pre l iminary  guidance , value6 of S ranging from 2 to 3 and K f r o m
0.6  to  2 .0  a re  Suggested. If o t h e r  d a t a  a r e  a v a i l a b l e  t o  r e f i n e
t h e s e  p a r a m e t e r 6  for Specific fa t igue  eValUatiOn6,  a l t e r n a t e
values for S and K should be used.
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Using this formula for nominal MIL-STD-1540B conditions, it
can be shown that three minutes at qualification test levels,
with a margin of 6 dB above acceptance test levels, for an Ilal’
value of 6, gives a tA of approximately 24 minutes. That
means that 24 minutes of flight article e.xposure  to acceptance
test levels would result in fatigue damage equivalent to that
produced by the vibration qualification test; i.e., for:

% = 3 minutes (MIL-STD-1540B durat.ion)

a = about 6 for 2024-T3  Aluminum. (6 can be
assumed as a likely average, but require6
specific evaluation of each component)

M = 6 dB (MIL-STD-154OB  standard margin)

s = 2 (assumes qualification and acceptance
hardware manufactured at the same time)

K = 1 (assume6 same vibration fixture for
qualification and acceptance hardware)

One derives

tA(MlL-STD-154OB)  t (3)(2)(6/6)(6-2-1) = 2 4  IllitlUteS

Allowing 1 minute for flight and 1 minute for accept.irnce
testing, the 24 minutes for tA would seem to allow the
remaining 22 minutes for reacceptance testing. Due to unit-to-
unit variations between the qualification article and the flight
hardware, it is considered unrealistic to allow the use of the
full 24 minutes for acceptance testing, reacceptance testing,
and flight of the hardware. An acceptance test exposure time of
l/2 tA is considered relatively conservative. This would
allow approximately 12 minutes of flight article exposure to
acceptance test (flight) levels, or a total of 10 reacceptance
tests for nominal MIL-STD-154OB conditions.

Note that a reduction in the qualification margin from 6 dB
to 3 dB has a drastic effect on the equivalent damage time,
tA_ With the other conditions the same a6 Used in the
previous case, tA for a 3 dB margin would be a6 fOllOW6:

tA(3 dB margin) - (3)(2)(6/6)(3-2-1)  = 3 minutes

For this situation, the qualifying note regarding the parameters
S and K should be k.ept in mind.
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The vibration qualification test duration for reusable
flight hardware should be based on a similar fatigue-related
rationale that would cover the planned acceptance testing,
reacceptance testing, and flight time. Examples are provided
for two situations involving reusable flight hardware for a
payload intended to be flown six times.

6.1.3.1.1 Example I: Vibration Qualification Test with
No Reaccentance Testina Between Fliahts. For this example, it
is assumed that the flight hardware acceptance test is planned
to be conducted just once prior to the initial flight and that
reacceptance testing will not be required prior to each of t h e
five subsequent flights. The flight time exposure information
is usually provided in the launch vehicle interface document.
For this example, the exposure to the maximum predicted
vibration levels is estimated as a lo-second exposure at liftoff
of the launch vehicle, a ZO-second exposure during transonic and
high dynamic pressure ascent flight, plus a 20-second exposure
during reentry aeronoise. Because the total exposure during
each flight is only 50 seconds (less than one minute), the
standard vibration acceptance test duration would be one
minute. If it is assumed that circumstances, i.e., retest after
repair, dictate the equivalent of five acceptance tests prior to
the init ial  f l ight , the acceptance test time would total five
minutes (300 seconds). The total exposure time of the flight
hardware would then be the total acceptance test time plus.total
flight time, or 300 seconds plus 300 seconds (for six flights),
or 10 minutes total. The qualification test used should,
therefore, be based on a fatigue-related rationale that would
provide a tA(Example I) of greater than 10 minutes.

The vibration qualification test required by MIL-STD-1540B
that uses the 6-dB qualification margin and the 3-minute
duration would seem to satisfy this required tA(Examplc I) of
10 minutes, since it was shown that 24 minutes of exposure to
acceptance test levels are required to equal the fatigue
exposure experienced by the qualification article. A 3-dB
qualification margin would, however, not meet the criteria,
since it would only allow a tA of three minutes for equivalent
fatigue damage.

6.1.3.1.2 Examnle II:  Vibration Qualification Test with
Reaccentance Testina Between Fliahts. For this example, it is
assumed that the payload must undergo significant refurbishment
between flights, making reacceptance testing prior to each
flight advisable. It is assumed that the flight hardware
averages three vibration acceptance tests per flight for a total
of 18 minutes for six flights. As in Example I, the flight t i m e
exposure to the maximum predicted vibration levels is 5 minutes
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for  s ix  f l ights , so the total exposure time to the maximum
predicted vibration levels is 23 minutes. The qualification
test used should, therefore, be based on a fatigue-related
rationale that would provide a tA(Example II) of greater than
23 minutes. While this duration is less than the 24 minutes of
equivalent fatigue exposure as’ the qualification specimen, it is
considered too marginal. As indicated previously, it is
recommended that the fatigue exposure of the flight article be
approximately one-half that of the qualification specimen. If
the qualification test duration is increased to 5 minutes, the
formula for equivalent fatigue damage due to acceptance test
1evel.a gives tA(Examp1.e  II) a6 f a l l o w s :

- 40 m8inutes

Since the planned exposure time of 23 minutes is approximately
half this 40-minute  equivalent fatigue damage time, a 5-minute
qualification test.duration would be satisfactory for Example II.

6.1.3.1.3 General Vibration Qualification Test
In summary, the required vibration qualifical.ionReauirements.

test duration
determined as

tQ for reusable flight hardware can be
follows:

Let
nAT

tAT

R2

nF

tF

kl

-_ number of vibration acceptance tests planned

= acceptance test duration

z acceptance test  mult ipl icat ion factor  to
account  for ‘re@eated  tests

- &umber of  fIights

c - eIight d u r a t i o n

P fatigue damage exposure margin relative to
qualificatton  art ic le  ( typical ly  2) .

Then the required tA iS given by

---

=A = (kl)(k2)(nAT)(t&  + (kl)tnF)(tF)
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---
or the required tQ is derived from

tA = (tQ)(2)(“/6>(M-S-K)

Therefore
tA

tQ = (2)(a/6)(M-S-N)

By substitution, the required vibration qualification test
duration tQ is

(kl)(kZ)(“AT)(tAT) + (kl)(“F)(tF)
tQ =

(2)(a/6)(M-S-K)

The required vibration qualification test duration tQ for
reusable flight hardware is, therefore, dependent on a number o f
variables. Aside from requiring a knowledge of acceptance test
and flight duration, it is necessary to make judgments on (a)
how much margin to allow between the fatigue damage experienced
by the qualification article and the flight articles and (b) h o w
many unplanned acceptance tests (retests) might be required.

6.1.3.2 Shock Qualification Tests. MIL-STD-154OB  shock
test requirements are primarily based on pyrotechnic shock
events. For qualification, a shock level which is 6 dB above
the maximum predicted (acceptance level) environment for flight
duration is required. The number of required shocks is three
times in each of three axes, for a total of 18 shocks.

MIL-STD-1540B acceptance shock tests are conducted at the
maximum predicted level. One shock is required in each
direction of each of three axes, for a total of six shocks.

It is recommended that the required number of shock events
to be used during the shock qualification tests to qualify
reusable flight hardware, NQS, be determined based on three
times the number of shock events experienced by the flight
hardware, as fOllOW6:

NQS = ~(NATS  + NF S)

where

NQS = number of qualification shocks at 6 dB
above maximum predicted level
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MATS= number of acceptance test shock6
experienced by the flight hardware at
maximum predicted level

NFS = ‘number of flight shocks experienced by
the flight hardware

The .factor  of three times the number of flight plus Lest
events experienced by the flight article is based on the general
philosophy for qualifying flight hardware Used in MIL-STD-1540,
where a factor of three is used for qualification relative to
flight level exposure (acceptance test level). The shock level
for qualification should be 6 dB above the maximum predicted
environment (6 dB above the acceptance test level). In summary,
the qualification shock test for reusable flight hardware is
based on the MIL-STD-1540 philosophy that the qualification test
should demonstrate that the f.light hardware can withstand three
times the number of anticipated flight and test events with a 6
dB margin to account for the variability of the hardware.

6.2 TAILORING

6.2.1 Standard Criteria. Content6 of Paragraph 4.2.3 of
MLL-STD-1540B  (requirements for test tailoring) are as follows:

4.2.3 TaIlorinq

This standard specifies test requfrements thaL  hdVe
been' shoun to assure high reliabflliy in space missJons.
However, It is intended that these test baselines should
be tailored to each space program considering design
complexity, state of the art, mfssion critfcality, cost,
and acceptable risk. For some space programs this
tailoring may relax the requirements in this standard,
while for other programs the requirements may be made more
stringent to reduce risk of on-orbit failures or to
demnstrate with greater confidence that the space vehicle
or components perf arm adequately whep all parameters,
environments, and related uncertaintIes are considered.
For exau@e, the optional tests shown fn the test basellne
tables should be.added as required tests, where
appropriate, as determined from considerations of design
features, required lifetIme, envIronmenta exposure, and
expected usage. The tailoring is a continuing process
throughout the acquisition that should be implemented by
the wording used to state the testing requirements in the
specifications of the space'system, .space vehicles, and
co@wnents  or in other applicable contractual documents.

3.4
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6.2.2 Rationale for Tailorina  Reauirement. Individuals
who are familiar with MIL-STD-810D should note that “tailoring”
is used in MIL-STD-1540B,  and in this handbook, in a narrower
sense than it is used in MIL-STD-81OD. In both documents, the
intent of the tailoring requirement is to impose only the
minimum design and test requirements needed to assure that the
items produced will meet the range of environments that could be
encountered during the actual life cycle of the items. For
example, the definitions in MIL-STD-1540B require analysis and
actions that are equivalent in many ways to the initial
tailoring steps required when MIL-STD-81OD is used.

For most military systems, the testing and maintenance
costs represent major elements of the life cycle cost. Unlike
aircraft programs where the testing and maintenance costs are
primarily incurred during operational use, the testing costs for
spacecraft are primarily incurred prior to operational
deployment since on-orbit maintenance is seldom possible.
Because testing represents such a large expense, good management
requires tailoring of the test program to assure that a
cost-effective program is achieved. On one hand, any excessive
testing clearly represents a waste of money and time. On the
other hand, an undetected deficiency or failure can result in an
unsuccessful launch OK shortened on-orbit life. Because a
single failure can result in a loss of several 100 million
dol lars , not including the loss of scientific or operational
data, a considerable budget for quality control, and for testing
that will ensure spacecraft success, is usually cost-effective.
Successful space vehicles have been launched even though their
procurement documentation contains only sketchy or limited
quality assurance provisions. Conversely, programs can be found
where extensive inspections and tests at every step of the
acquisition process still resulted in unsuccessful missions.
However, the preponderance of evidence is, as expected, that the
use of extensive testing and other quality assurance provisions
that are based upon those used for previously successful
programs is the only cost-effective approach. For high
rel iabi l i ty  spacecraft , the testing costs may represent as much
as 40 percent of the life cycle cost.

MIL-STD-1540B,  therefore, was prepared from a composite of
the tests that had been used by contractors to achieve
successful space missions. The test baselines presented include
the need for assurance in the areas of performance, safety. and
r e l i a b i l i t y . The standard includes requirements for
development, qualification, acceptance, and prelaunch validation
tests . The acceptance tests are intended to assure, to the
maximum extent possible, that all space vehicle equipment will
operate through various operational modes while exposed to the
maximum predicted environments. The test duration at each
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environment is to be equivalent to the expected time duration
associated with the maximum environmental levels. The
qualification tests typically require that the space vehicle
equipment operate through various operational modes while
exposed to design environment6 that include the environmental
design margin. The environmental design margins provide a 6-dB
or lo-deg C margin over the acceptance test levels. The
qualification test duration at each environment is typically
three times the acceptance test duration. To provide a baSi6
for standardization of components, a minimum design range iS
speci f ied. The design range is also the qualification test
environment. For example, the minimum thermal range for
component design, and hence for qualification tests, is from -34
deg C to +71 deg C. The minimum overall random vibration design
level , and hence the minimum qualification test level, is 12
grms for 3 minutes. The minimum acoustic design level, and
hence the minimum qualification test level, is 144 dB overall
for 3 minutes. The minimum acceleration design level, and hence
the minimum qualification test level, is 20 g. These minimum
design levels, and hence qualification test levels, represent
environmental levels commonly found on most spacecraft: however,
they are not 60 severe a6 to cause design problems for most
components. By designing and qualifying the component6 to these
common requirements, a prudent minimum level of design
ruggedness is provided. In addition, the component6 might be
relocated on a spacecraft OK might be used on other spacecraft
without redesign or requalification. These minimum design
ranges also assure an effective acceptance stress screening test
for all components.

ML-STD-1540B,  therefore, establishes a uniform set of
definitions and general ground testing requirements fot space
vehicles. It is intended that these baseline requirements will
be tailored to fit each program’s requirements while recognizing
the desire to meet the minimum standard requirements where
practicable. MIL-STD-1540B provides a common framework from
which program managers can identify and evaluate deviation6  in
their testing and quality assurance plans. The extent of
acceptable deviation6 is a tradeoff among program requirements,
acceptable risk, and testing costs including schedule delays.
Because the cost-effectiveness of these tradeoffs is difficult
to evaluate statistically due ta the small sample size for each
program, an evaluation of the deviations from MIL-STD-1540B
should be included in all program reviews.

6.2.3 Guidance for Use of Tailorinu Reauirement. Like
many standardization documents, MIL-STD-1540B is structured to
assist in the tailoring process. A few of the ways that
MIL-STD-1540B and the requirements associated  with testing can
be tailored are discussed in the following paragraphs.
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- 6.2.3.1 BY Limit inq . For some applications, portions of
the entire test program given in MIL-STD-1540B are not
applicable, and exceptions can be included with the compliance
statement. For example, the definitions, the component level
tests , and the prelaunch validation tests may all be applicable
to a launch vehicle program. In that case, the acceptance test
requirement statement might read: “Except for the vehicle level
testing, the acceptance tests shall be performed in accordance
with MIL-STD-1540B.” The details of launch vehicle acceptance
test requirements would then be stated separately.

One of the provisions of MIL-STD-1540B that has provided
some requests for deviation is the 6-dB qualification test
margin. Of this 6-dB margin, 3 dB are provided to accommodate
the maximum allowed testing tolerance. Provisions are
incorporated in the definition of environmental design margin,
Paragraph 3.12 of MIL-STD-1540B, to automatically reduce this
3-dB test tolerance portion in accordance with the actual
testing tolerances used by the contractor. In other words,
should the contractor choose to spend more time adjusting test
levels to closer.tolerances, then the 6 dB may be automatically
reduced accordingly without a formal deviation being required.
The definition of environmental design margin in MIL-STD-154OB
also suggests circumstances where the remaining 3-dB margin
might be changed. For example, if it is judged that a 2-dB
allowance would provide an acceptable reliability risk, the
component design requirement might be 5 dB (instead of 6 dB).

6.2.3.2 BY Supnlvinu Other Detailed Requirements. Many
items that are pertinent to the test requirements are omitted
from MIL-STD-1540B to make it directly applicable to a wide
variety of space vehicle programs without deviation. These
items include :

a.

b.

C .

d.

e.

f .

Maximum predicted environmental levels

Time duration for exposure to the maximum
predicted environments

Transportation, handling, and storage environment

Required development tests

Applicable safety standards

Test sequence to be followed at each level of
assembly (The test sequences given in
MIL-STD-1540B are only suggested sequences.)

Tests identified as options in the standard that
are required on the program
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h.

i.

J-

k.

l*

m,

n.

Component level tests that can be satisfied o r
accomplished by tests at higher levels of
.amsembly

Requ%rements‘far  &?velupment’ test vehicles

Retest requirements after modification, change,
‘or r.epair  to the laar-dware.  computer programs.. or
test cnnf igu.ratiPn

Acceptable basis of flight certification of all
flight hardware (by qualification tests or by
analysis of grevious hardware usage)

By the inclusion of pertinent data ion each of these items
in the appropriate section of the specification OK contract, the
actual test requirements for the item are established or can be
determtned  by analysis. For example, the location of components
on a space vehicle, the specific orbit, the equipment duty
cycle , and other design factors would be used in a thermal model
to calculate the maximum and minimum predicted temperatures. If
the maximum predicted temperature for a component were +71 deg
C, then an acceptance test would be conducted using a maximum
temperature of +71 deg C. and a qualification test would be
conducted using a maximum temperature of +81 deg C. If the
maximum predicted temperature for another component were +49 deg
C, then the acceptance test would be conducted using a maximum
temperature of +61 deg C, and the qualification test would be
conducted using a maximum temperature of +71 deg C (see
Paragraph 3.9 in MIL-STD-15403). Therefore, it is clear t h a t
items not directly 6tated in the specification or in
MIL-STD-1540B influence the actual testing. Of course, the
definitions of the maximum and minimum predicted temperatures
are given in MIL-STD-1540B to ensure a uniform determination of
i ts  value ,  including an al lowance for  uncertaint ies  (see
P a r a g r a p h  3 . 2 5  in_MIL-STD-1540B).  -In muchthWsame way, the
i n c l u s i o n  of_ re lated data  in  the  speci f icat ion for  a l l  the  i tems
listed above can-modify the actual test requirements without
modifying or deviating from the general requirements in
NIL-STD-154OB.

6.2.3.3 B Y Suuulementina Reauirements . I n  8ome case&,  it
is clear to the government program office that the requirements
stated in MIL-STD-1540B are inappropriate for a specific item on
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_ that program. For example, a battery may not be able to
withstand the -34 deg C to +71 deg C nominal design temperature
range given in MIL-STD-154OB for components. For that program,
it had been determined that active thermal controls would be
incorporated to maintain the battery temperature between +lO deg
C and +30 deg C. In that case, the specification requirement
for the battery might read: "The battery Shall be designed to
operate over a temperature range of 0 deg C to +40 deg C." This
is a realistic thermal range for a battery, 60 the qualification
test range would then be 0 deg C,to +40 deg C. The companion
acceptance test range would be +lO deg C to +30 deg C.

6.2.3.4 BY Contractor'6 Choice. Many item6 in
MIL-STD-1540B  are stated in ways that allow the contractor to
select the most cost-effective approach. Some of these, such a6
the selection of test tolerances and test sequences, have been
mentioned above. Another example is the method of flight
qualification. Flight qualification of components can always be
accomplished by qualification testing at the component level;
however, for many items 6UCh as fluid lines, wiring harnesses,
and structural components, testing at higher levels of assembly
is usually cost-effective. In addition, previously Used device6
may sometimes be qualified by less costly approaches such a6 by
equipment similarity of analysis. By allowing the contractor to
select the appropriate approach for each item, repetitious or
unnecessary qualification testing may be avoided. Of course,
the contracting officer normally reserve6 the right to review
and approve the adequacy of the flight qualification effort.
This is usually accomplished by the required approval of test
plans, test procedures, or data submitted a6 data item6 under
the terms of the contract.

6.2.3.5 BY Limitina Data Items. MIL-STD-154OB implies
that a large number of associated document6 will be prepared by
the contractor. These include:

a.

b.

C.

d.

e.

Detailed test plans and test sequence6 for item6
at the various levels of assembly

Detailed test procedure6 for all tests including
the pass-fail test criteria for each test

Test record6

A data bank to provide traceability of test data,
the accumulation of trend data on critical
parameters, a record of all test discrepancies,
and a record of their disposition

Development test reports,
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f. Flight certfficatfon list6.
.-

Q- Qualificatfon test report6

h. System safety plan

i. System.failure  mode and effects analysis to
determine critical parameters

5. Operational time line to establish functional
InOde6 and requirements for the programmed orbit
mission tests

k. Transportation and handling plan

Unless a report or data item is identified on the Contract
Data Requirement List, such a6 DD Form 1423, AFSC Form 708, or
AFSC Porm 709, it will not be submitted to the contracting
officer for review or approval. Of course, to save effort, only
those reports or data items absolutely required to determine
compliance with the program requirement6 should be requested
(listed). The actual tests that will be conducted may be
influenced greatly by whether the test procedure6 and other
associated document6 must be reviewed or approved by the
contracting officer. -The data item list can therefore modify to
some degree the extent of the testing and the total contractor
effort.

6.3 RETEST

6.3.1 Standard Criteria. Content6 of Paragraph 4.3 of
MIL-STD-1540B Irequirements  for retest) are as follows:

4.3 RE!ws!P

If a test discrepancy (see 3.42) occucs,_tbe test
should be interrupted and the discrepancy verified. If
the discrepancy is dispositioned as due to the test setup,
software, or to a failure in the test equipment, the test
being conducted at the time of the failure may be
continued after the repairs are completed, as Zong as the
discrepancy did not result in an overstress test
condition. If the discrepancy is dispositioned as a
failure in the item under test, the preliminary failure
analysis and appropriate corrective action shall normally
be completed before testing is resumed. If the failure
occurs during system testing, the test may be continued if
the discrepant area is not affected by the continuation of
testing.
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The conducting of a proper failure analysis plays an
important part in the decision on the type of retest. It
should include the determination of whether a failure
occurred, the cause of the failure, the physics of the
failure, and isolation of the failure to the smallest
replaceable item. The degree of retest shall be
determined for each case based upon the nature of the
failure. In the case of a significant redesign of a
component, all previous qualification tests shall be
repeated. After significant component rework, all
previous acceptance tests except burn-in shall be
repeated. In the case of extensive component rework,
repetition of the burn-in is also required. Where the
redesign or rework of the component is very minor, it may
be acceptable to only repeat functional testing and the
test in which the failure occurred.

Where significant redesign or rework of components fs
required as the result of failure during system level
testing, the system level test in which the failure
occurred, as well as functional testing of the falled
subsystem, shall be repeated. Repetition of system level
environmental tests may be necessary if the redesign was
extensive or the number of components changed out and
connectors demated is so large as to reduce confidence in
the space vehicle.

6.3.2 General Rationale for Retest Reauirements. Retest
is the repeat of previously conducted tests due to a test
discrepancy or other factors related to the items previously
tested.

Discrepancies may occur at any point in the qualification
or acceptance test sequences of space vehicle systems or
components. When a discrepancy occurs, a failure analysis is
conducted to determine the cause of failure and to determine if
there are any generic or lot-related problems that could affect
other vehicles. If it is determined that the item being tested
failed, it is important to try to determine-twhy  the failure
occurred at that point in the test sequence. In other words,
Are there deficiencies in the tests at lower levels of assembly
that allowed the defect to go undetected? If the failed item is
a qualification or flight article, a decision must be made a6 to
whether repeats of previous tests (retests) or Special test6 are
required after correction. If the space vehicle or components
have been redesigned or reworked to correct the failure, tests
conducted prior to the failure might require repetition to
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verify the adequacy of the corrective action. Basically, retest
requirements after failures of qualification or flight articles
during testing depend on the nature of the failure, the point of
occurrence in the test program, the degree of redesign and
rework required for repair, criticality of equipment, and other
factors . The criteria specified in MIL-STD-1540B are subject to
judgment. Their major purpose is to establish ground rules f or
such judgment and to aid in the preplanning of minimum retest
criteria for specific space and launch vehicles. This is
particularly applicable to system level retest requirements.

When a component is removed from a vehicle or a vehicle
connector is broken, verification of vehicle flightworthiness is
required subsequent to the replacement. While actual r-etest
requirements are usually d.etermined  by Material Review Board
disposition, the preplanning-of retests can avoid unplanned
emergency a.ctions.

6.3.3 Qeneral Guidance for Use of Retest Requirements.
The requirements of MIL-STD-1540B are illustrated in Figure 1
for specific actions immediately following a test discrepancy.

The test is interrup-ted and a determination is made as to
whether the discrepancy is due to a failure of the item under
test or a failure of the system performing the test (test setup,
software, or equipment). Even if the item under test did not
i n i t i a l l y  f a i l , it is possible that it could have been
overstressed by a failure of the test equipment. After a
determination is made that no overstress of the test item
exists , the test may be continued after repairs of the system
performing the tests are completed. If the test item has
fa i l ed , either originally or due to overstress,  test  act ivit ies
resume normally Only after a preliminary failure analysis which
determines the cause and corrective action. Final failure
analysis is shown as a continuing function to indicate that
initial evaluations are sometimes inconclusive and that further ’
action may be required, particularly if the failure represents a
generic or lot-related problem. For long-term corrective
action, one should determine if the failure could have been, and
therefore should have been, detected at a lower level of
assembly or in an earlier test. If that is the case, be sure to
document all corrective actions that are appropriate at each
level of assembly, including all changes in test procedures.

The results of failure analysis play an important part in
the decision on the degree of retest. If the test item had to
be redesigned or reworked extensively, repetition of many of the
previously conducted tests might be necessary to restore
confidence in the functional and environmental performance of
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FIGURE 1. Activity After Test Discrepancy.
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the item. The following summarizes the retest requirements
apec.if ied in MIL-STD-154OB.:

-- ReReat all previous- quaPEfication  tests.

0 . Component .significant  rework

-_ Repeat all previous acceptance tests except
for bum-fa.

0 Component extensive rework

-- Repeat a.11 acceptance tests plus burn-in test.

0 Component minor redesign or rework

-- It may be acceptable to only repeat functional
testing and the test in wh.ich the failure
occurred.

0 Component failure during system level test

-- Retest components per previously stated ground
rules .

-_ Repeat system level test in dhich failure
occurred plus functional test of failed
subsystem.

0 System major redesign and rework

-- Repeat system level environmental tests.

Maximum confidence in the integrity of a redesigned or
repaired test article following corrective action exists if all
previous tests are repeated. Since this is often costly,
time-consuming, and impractical, compromises must be made on th-e
degree of retesting. The degree of retest should be evaluated
for each case considering the nature of the failure, the degree ~_
of redesign and rework required, and whether any previous tests -7
could possibly have induced the failure or were invalidated by _ -
the corrective action. The decision therefore become6 a
judgment on the amount of acceptable risk.

Different guidelines have been developed for component
retests and for space vehicle (system) retests because of the
nature of the design. In general, most components within a
space vehicle are installed to be removable and replaceable.
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The retest of a space vehicle after component removal and
replacement can therefore be preplanned, depending on the point
in the test sequence when a removal and replacement occurred.
The retest of a component if a failure occurs during a component
test is more unpredictable, since the parts and hardware for the
component often are not designed for ease of removal and
replacement.

The standard criteria for retests have been categorized
with respect to the corrective action. Note that the corrective
action is either redesign or rework. The degree of redesign and
rework plus the effect of the corrective action on previous
tests become the major drivers in the retest decision.

An anomaly requiring redesign as a corrective action would
typically occur during qualification article testing. This is
based on the rationale that this testing precede6 the acceptance
testing of flight articles and, therefore, the majority of
design problem6 will be discovered during this phase. A
redesign may be classified a6 18major88  or “IdnOr.”

An anomaly causing rework as a corrective action may occur
during any type of testing. The rework may be caused by
implementation of a redesign or by a repair which does not
change the design. The rework may be significant or relatively
minor. A significant rework may invalidate a number of
previously conducted tests. A minor rework may have relatively
small effect on the validity of preViOU6 tests. It is the
purpose of this discussion to provide some considerations
leading to judgments on the significance of reworks.

6.3.3.1 Comnonent Retests. For component test
activities, Figure 2 depict6 the sequence of events after a
component discrepancy during a test has been verified. If at
all ROSSible, it is desirable to freeze the hardware and
software in the discrepant mode to allow a determination of
failure cause. It is recognized that complete failure analysis
can be lengthy, and that often tests must be continued before
failure analysis can be completed. A preliminary failure
analysis can be conducted to determine whether test continuation
is practical or whether the test must be aborted. Factors
entering into this decision are ease of isolation, ease of
repair, and feasibility of continuing the test without repairing
the discrepancy. Such a situation might exist where redundancy
exists within a component and the test could be continued on the
redundant leg. An additional reason for test continuation
without repair would be the need to troubleshoot and isolate the
failed hardware or parts by test. After the failed hardware is
isolated, the component is redesigned or repaired. In either
case, the degree of component rework governs the amount of
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DISCREPANT MODE

FIGURE 2. Component Test Activity After Discrepancy.
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retest necessary. If a defective part or subassembly can be
replaced by simply disconnecting and reconnecting electrical
connectors using plugs or pins, retests may be minimized.
However, component rework generally results in considerable
uncertainty regarding the validity of previous tests, and
considerable retest is necessary to keep risks acceptable.

6.3.3.2 Space Vehicle Retests. Figure 3 depicts the
activity after an anomaly has been discovered during a test of a
space vehicle. As with component test discrepancies, it is
desirable to freeze the hardware and software in the discrepant
mode. After a preliminary failure analysis to determine the
safety or hazard of continuing the test, a "continue" or "abort"
test decision can be made.

For the tlabottll test decision, the preliminary failure
analysis may have revealed that the test results are too
uncertain for continuation and that the system require6
extensive redesign or rework. The test is therefore stopped and
a more detailed failure analysis is completed to determine the
exact cause and rework required. After completion of the
rework, applicable retests are performed and the test is
completed.

For the "continue" test decision, a failed item can readily
be isolated and quickly replaced or repaired. If a retest shows
that the replacement OK repair is successful, t& test may be
completed. If UnSUCCeSSfUl, the activity will proceed along
similar lines as an *'abort" test decision. fn other cases, a
redundant system may be available, and testing may continue on
the redundant leg with a parallel activity to perform a more
complete failure analysis on the failed system. In all cases,
the failure analysis is finally completed to assure that no
generic problems exist.

6.3.4 Retest of Components with Major Redesian

6.3.4.1 Rationale for Retest of Components with Major
Redesiqn. The corrective redesign of a component is defined as
B'major" if the test article after redesign violate6 one or more
of the commonly used ground rules for qualification by
similarity. This is based on the rationale that 6UCh redesigns
or related parameters will have invalidated previous tests. The
following rationale apply to the test article(s) and the
qualification article(s) with major redesign:

a. Functional Input or Output Reauirements. If
electrical or mechanical performance requirements
of the component previously tested are revised by
the redesign, the previous functional tests are
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FIGURE 3. Space Vehicle Test Activity After Anomaly.
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no longer considered valid. Consideration must
be given to the magnitude of the changes.
Relatively small percentage changes may occur in
performance requirements, such as revising
tolerances on parameters, which do not change the
basic characteristics of the component. An
example might be an electronic component with the
same configuration as before, where outputs are
revised by minor tuning of adjustable devices
within the component.

b. Environmental and Life Reauirements. If t h e
applicable operating or nonoperating
environmental and life requirements such as
thermal vacuum, thermal cycling, vibration,
acoustic, pyrotechnic shock, acceleration,
humidity, EMC, fatigue, or wearout were made more
severe than the environments experienced by the
previously tested component, the applicable
environmental tests of the component prior to
design are invalidated.

C . Thermal Effects. If analysis shows that the
redesign has or could cause thermal effect
different from the previous configuration, or if
the redesign introduces elements which have not
demonstrated a capability to survive the thermal
environment, the previous thermal tests will be
invalidated.

d. Dynamic Resuonse. If analysis shows that the
redesign has or could change dynamic responses
different from the previous configuration, or i f
the redesign introduces elements which have not
demonstrated a capability to survive the dynamic
environment, the previous dynamic tests will be
invalidated.

e . Materials and Manufacturina Processes. Changes
in materials and manufacturing processes due to
the redesign can invalidate previous tests due to
different thermal effects,  dynamic responses, and
stat ic  responses  of  the  redes ign. Analysis of
changes in this area is required to determine
their  ef fect  on the  val idi ty  of  previous  tests .
It is important to recognize that a d e t a i l e d
knowledge is  required of the difference in the
manufacturing process between the previously
tested component and the redesigned component.
Minor production change6 in methods of
manufacture can lead to an invalidation of most

.
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previous tests due to uncertainty about the
revised manufacturing method..

f . Weiuht, Size, Mechanical, and Electrical
- Confiuuration? Analysis is required to determine

,.

6.3.4.2
Bedes icon. In. *

Guidance for Retest of Comnonent with MaSor
this  ca.se, the test article after redesign

v1oxate.s one- or more of the commonly used ground rules for
qua1i.f ic.ation  by similarity, so the previous tests will have

been. invalidated. Therefore, the following guidelines apply to
the acceptance test article(s) and the qualification article(s):

whether change6 in these parameters have been of
suf f ic-ient magnitude to significantly change
thermal effects or static and dyn-amic responses.

0 Repeat all previous tests on the redesigned test
ar t i c l e .

Notes:

0 Evaluate whether repeat of previous test(s) will
degrade component and refurbish component
hardware subject to degradation.

0 Requalify redesigned components prior to flight
article acceptance test continuation.

6.3.5 Retest of Comnonents with Siunificant  Rework

6.3.5.1 Rationale for Retest of Comnonents with
S.ianif icant Rework. The corrective rework of a component is
defined as “signif  icant” if the rework has caused a loss in
confidence that tests prior to the rework are still valid.
Since the rework corrective action is being treated separately
from redesign, the major item of concern is the adequacy of the
manufacturing and repair processes to perform the rework. The
risk of the rework action may be divided into two categories:
the risk of degrading the component by the repair operation and
the risk of replacing a part with one that has not been screened
by the previous component tests. The following rationale apply
to the test article(s) and qualification article(s) with
signif  icant rework.:

.
a. Amount of Disassemblv and Reassembly. If a

component requires considerable disassembly to
obtain access to perform the repair and
subsequent reassembly, the majority of previous
tests are probably invalidated, even if the
actual repairs are relatively simple.

.-
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b. Quanti ty and Complexity of Disconnects and
Reconnects. The number of disconnects to remove
a failed part or failed hardware, the nature of
the disconnects, and the complexity of performing
the repair are important in evaluating the risk
of, degrading the hardware. If a part can be
simply unplugged, the risk of invalidating a
previous test would appear less, since a
functional test after the repair is completed
could verify the adequacy of the repair, and
possible damage to surrounding parts is low. A
repair requiring soldering or welding involves
the risk of damage to surrounding hardware which
could invalidate previous tests.

C . Access to Inspect. In-process inspection is an
important part of manufacturing. As a component
is manufactured, visual inspection with optical
aids, local measurements using hand-held test
equipment such as voltmeters, force-gauge
measures of compression, tension, or torque,
local temperature measurements, and other
inspection devices are used to inspect the
adequacy of the assembly as hardware is being
instal led. If a repair can be inspected locally
in the same manner as it was inspected during
original manufacture, considerable confidence in
its adequacy can be obtained. In general, it is
noted that a repair which doe6 not allow the same
degree of in-process inspection as was done
during original manufacture has invalidated
previous tests.

d . Renair Techniques. During original manufacture
of a component, automated or manual production
tooling may be used, depending on quantity. As
an example, the soldering or welding of parts may
be fully or partially automated and may be
performed within the confines of a clean bench
which protect6 the system from contamination. A
repair may be performed under different
conditions, using considerably different tooling
and techniques than were used during original
manufacture; it ha6 invalidated the previous
tests .

As a general observation, note that judgment6
relative to the risk of component degradation by
rework are highly dependent on knowledge of the
processes used during original manufacture.
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Consequently, a repair on a component preferably
is coordinated with the original manufacturer.
Regar.dless  of how the repair is performed, a risk
of not discovering some defect exists if a l l
previous test6 are not rep.eat-ed. It is the
degree of acceptable risk which determines
.whether previous tests should be repeated.

,e . Lac-k of Renlaced Part Scre.eni.nq. Although parts
* are usually screened prior to ‘installation, there

is no assurance t-hat Zhis i-s the case. If a part
i6 replaced, it is necessary to -know its previous

_* Xest experience. If it has not been screened to.I-. the 6ame .degree ,a6 the or’iginal .part, the
c-omponent test6 conduct,ed  prio.r to  the  fa i lure
nave .been invalidated.

6.3.5.2 Guidance -for Retest  .of EomR-onent  with Sianif icant
Revork.. In this case, the rework ha6 caused a ‘loss in
confidence that tests prior to the rework are still valid. The
major item of concern is the adequacy of the manufacturing and
r.epair  processes. The rework must avoid repair processes that
degrade the component, and -parts that are used for replacements
should be adequately screened. The following guidelines apply

to the acceptance test article(s) and qualification article(s):

0 Repeat all previous tests after rework.

Note :  o Evaluat6 whether repeat of previous tests wil l
degrade component and refurbish component
hardware subject to degradation prior to
repetition of previous tests.

6.3.6 Retest of Comuonents with-Minor Redesian or Rework

6.3.6.1 Rationale for Retest of Comuonents  with Minor
Redesian or Rework. A minor redesign or rework is one that
do66 not fit ‘the definition6 for major redesign or significant
rework. A minor rework or redesign may have involved no parts
replacement, such as tuning a system by adjustable devices, O K
may have involved replacement of an easily unplugged or
detachable part.

6.3.6.2 Guidance for Retest of ComDonents  with Minor
Redesian or Rework. For minor redesign or rework such as
tuning, adjusting, or replacement of an easily detachable part,
the following guidelines are provided.:

0 Evaluate whether rep1.a.ted part (6) have been
6cr-eened  to the same <degree  or more severe than
environment6 during component test6.
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0 If replaced parts screening is not adequate,
repeat all previous component tests.

0. If replaced parts screening is adequate, evaluate
whether previous tests induced failure or were
invalidated by the repair.

0 If previous tests induced failure or were
invalidated, repeat applicable previous test(s)
and continue testing from point stopped.

0 If previous tests were not affected by rework,
repeat the test(s) during which the failure
occurred, and continue testing from point stopped.

6.3.7 Retest of Space Vehicle with Major Redesign

6.3.7.1 Rationale for Retest of Snace Vehicle with Major
Redesign. The definition of "major redesign" follows basically
the same ground rules as for components. However, some details
are different. For purposes of retest guidelines, a space
vehicle redesign is defined as 18major18 if the redesign has
caused significant change6 in parameter6 and has thereby
invalidated a number of previous tests. Major redesign of a
space vehicle is relatively rare, even during qualification
testing. Nevertheless, it may occur. The following rationale
apply to a space vehicle or qualification vehicle with major
redesign:

a. Functional Input of Output Requirements. If
electrical or mechanical performance requirements
of any SUbSyStem previously tested are revised by
the redesign, the previous functional tests are
no longer considered valid.

b. Environmental Reauirements. If the applicable
operating or nonoperating environmental
requirement6 6UCh as EMC, acoustic, pyrotechnic
shock, vibration, thermal cycling, thermal
balance, or thermal vacuum are made more severe
than the environment6 experienced by the space
vehicle prior to redesign, they will be
invalidated.

C. Thermal Effects. If analysis shows that the
redesign ha6 or could cau6e thermal effect6
different from the previous configuration, the
previous thermal tests will be invalidated.

.
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d. Dynamic Response. If analysis shows that the
redesign has or could change dynamic responses
from the previous configuration, the previous
dynamic tests will be invalidated.

e . Materials and Manufacturinu  Processes. Although
relatively rare at the space vehicle level,
changes in materials and manufacturing processes
due to the redesign can invalidate previous tests
due to different thermal effects, dynamic
responses, and static responses of the redesign.
Analysis of changes in this area is required to
determine their effect on the validity o f
previous tests.

f. Weight, Size, Mechanical, and Electrical
Conf icruration. For components, a major redesign
resulted in the guideline of repeating all
previous tests, since it would be very di f f i cu l t
to determine portions of previous tests
invalidated. Since a space vehicle is composed
of a number of subsystems such as electrical
power, attitude control, telemetry,
instrumentation, command, structure, thermal
control, *and propulsion, it is possible that
redesign of a specific subsystem has not affected
other subsystems. Consequently, consideration
can be given to repetition of only those previous
tests invalidated by the redesign.

Component Relocation. If a component is
relocated on a space vehicle, it can invalidate a
number of the previously conducted tests related
to the configuration and mass properties of the
space vehicle. These may include EMC, acoustic,
thermal balance, random vibration, and
pyrotechnic shock test, plus the mass and center
of gravity (c.g.) related operations including
spin balancing.

6.3.7.2 Quidance for Retest of Suace Vehicle with Major
Redesign. In this case, the space vehicle redesign has caused
significant changes in parameters and has thereby invalidated a
number of previous tests. Therefore, the following guidelines
apply to the acceptance test article(s) and the qualification
a r t i c l e ( s ) :

0 Evaluate which previous test(s) were invalidated
by the redesign.
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0 Perform functional tests to verify that all
equipment (primary and redundant) meet
performance requirements.

0 Repeat all previous environmental tests on
redesigned and reworked subsystem.

Notes:

0 Evaluate whether repeat of previous test(s) will
degrade components or interconnecting hardware
and replace components or hardware subject to
degradation.

0 All replacement component6 must have passed
acceptance test.

0 Requalify redesigned component6 and subsystem
prior to flight article acceptance test
continuation.

6.3.8 Retest of Snace Vehicle with Sianificant Rework

6.3.8.1 Rationale for Retest of SDace Vehicle with
Sicrnificant Rework. The definition of a significant space
vehicle rework is the same as for components. In addition, the
COnSideKatiOnS related to space vehicle degradation by rework
are similar but not identical. In general, the repair of
component6 require6 more severe disassembly and disconnect
action6 than the rework of a space vehicle. As an example,
while parts or other hardware in component6 are often soldered
or welded, the assembly of space vehicle6 is more modular with
most electrical components connected by removable electrical
connector6 and mounted by removable mounting hardware.
Mechanical components also'are usually removable by
nondestructive means and usually can be reinstalled without the
use of special manufacturing processes. Consequently, the risk
of space vehicle degradation by rework is somewhat lower than
the risk of component degradation.

6.3.8.2 Guidance for Retest of Snace Vehicle with
Sianificant Rework. The definition of a significant space
vehicle rework is the same as for components. In addition, the
consideration6 related to space vehicle degradation by rework
are similar but not identical.

As with components, the amount of disassembly and reassembly
and the quantity plus complexity of disconnects and reconnect6
must be considered in order to reach a judgment on the
significance of the rework and the degree by which previous
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te6ts. may have been invalidated. Inspection after reassembly
plays an important part as with components. I f  acCe6Sibility
and means- of inspection are available to assure that the
replaced part has been installed to the same standards as the
origina. assembly, and if relative.ly few other parts are
disturbed, the risk of invali.dating  previous tests is reduced.
Again, however, regardless of how the rework is performed, an
increased risk of not discovering some d-efects exists if all
previous te6ts are not repeated.

The preplanning of space vehicle tests following component
repair or replacement can be performed by establishing a retest
matrix which denote6 the-system level retest(s) to be performed
after repair or repracement  of any component. The matrix should
list the applic-able tests which must be performed for retest of
a specific component or assembly as illus.trated  by Table II. As
an examp.le, on a specific space vehicle, the matrix consists of
approximately 200 tests and 27 components. The applicable
retest following component replacement is marked with an tIX88 in
the affected block. The tests. are referred to by paragraph
number and name of the test as designated in the test procedure
document. This method of preplanning retests of replaced
components on space vehicles has been implemented successfully
on space programs, and has avoided the crunch of emergency and
time-constrained decisions during testing. It is recognized
that on small or one-of-a-kind programs, such a preplanned
approach is not always possible, since early preparation and
checkout of such preplanned procedures is necessary and budgets
or schedules do not always allow such planning. Nevertheless,
such an approach can be cost-effective, particularly if problems
are anticipated.

For component tests, the screening of part6 used for
replacement is important.- For s-pace vehicles, the degree of
component screening is a critical parameter. Although
MIL-STD-154OB  requires complete component testing prior to
installation on the space vehicle, some components are not
tested over their full range of performance requirements until
they are assembled on the space vehicle. For those cases,
consideration must be given to the previous tests missed by the
replacement component, if the tests are not repeated.

In view of the above, the following retest guidelines are
recommended for spa.ce vehicles with significant rework:

0 .Evaluate whether previous tests induced the
failure and which test6 were invalidated by the
rewo:rk,
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Determine the subsystem(s) test(s) affected by
the rework.

Assure that all replacement components have been
component acceptance-tested.

Perform an ,abbreviated  f.unctional test after
rework to assure that all equipment is
operational after rework.

Repeat all environmental tests considered to have
induced failure or were invalidated by the rework.
Repeat the functional test during which the
failure occurred.

For higher degree of risk minimization, repeat
the acoustic test regardless of its involvement
with the failure.

For highest degree of risk minimization, repeat
all previous environmental tests.

6.3.9 Retest of Suace Vehicle with Minor Redesign or Rework

6.3.9.1 Rationale for Retest of Space  Vehicle with Minor
Redesiun or Rework. A minor redesign or rework is one that
does not fit the definitions for major redesign or significant
rework. Examples of a minor space vehicle redesign or
corrective rework are as follows:

a. An adjustment to “tune” a component

b. Replacement of an easily accessible electrical
component with tilplug-in@l connectors whose
continuity after replacement can be easily checked

C. Replacement of an easily accessible mechanical
component with fittings whose torque and leakage
can be easily checked

6..3..9.2 Guidance for Retest of Snace Vehicle with Minor
Tedesicrn or Rework. Minor redesign or rework that does not fit
the definitions for major redesign or significant rework. The
following guideline6 are recommended for a minor space vehicle
rework:

0 Evaluate whether previous test6 induced the
failure or were invalidated by the rework.

0 Assure that all replacement components have been
acceptance-tested.
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0 PeKfOKm an abbreviated functional test t0 Verify
that the replaced component(s) are operational
after the KeWOKk.

0 Repeat all environmental tests considered to have
induced the failure OK were invalidated by the
KeWOKk.

0 Repeat the functional test during which the
failure occurred.

6.3.10 Retest Limits. The accumulated test time on
test article6 mU6t be considered when dynamic retest6 are
planned, 60 that their fatigue life is not expended. POK
vibration tests, the characteristic6 of fatigue failures as
related to test level and time can be Used to determine how much
time may be accumulated at acceptance test levels without
exceeding the fatigue enCOUntered by a similar qualification
article at qualification test level6 and dUKatiOn6. The
following formula
contKactor6.

where

tA

tQ

a

M

S

K

fOK tA ha6 been adopted by a number Of space

tA = (tQ)(2)(a/6)(M-S-R)

acceptance test time plus flight level
exposure duration resulting in fatigue damage
equivalent to damage accumulated during
qualification test duration

vibration qualification test duration

inverse slope of stress versus number of
cycle6 fatigue curve for the most fatigue-
critical material in the test article

margin between qualification and acceptance .
Vibration input6 in decibel6

2, if the qualification and acceptance test
hardware were fabricated about the same time
and 3, if the qualification and acceptance
test hardware were fabricated Several years
apart (and therefore, might not be uniform OK

identical)

a number ranging between 0.6 and 2.0, in
accordance with Table I (Paragraph 6.1.3.1)
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In order to determine retest time available, consideration
must be given to normal vibration test exposures during initial
component acceptance tests, vehicle level tests, and flight.
The use of this equation is discussed in Paragraph 6.1.3.1 of
this handbook.

6.4 TEST DATA. ANAT.XS.IS

6.4.1 Standard Criteria. Contents of Pa-ragraph 4.4 of
MIL-STD-154QB  (req.uirements  for test data analys-is) are a6
follows :

4.4 TEST DA!FA AN"YSIS

A thrt’data  bank containing all pertinent system,
space vehicle, subsystem, and component test data taken
throughout the program shall be maintained. To permit as
complete an evaluation as possible of component,
subsystem, and space vehicle performance under the various
specified test conditions, all relevant test measurements
and the environmental conditions fmposed on the unfts
shall be recorded on magnetic tape or by other suitable
means. These records are intended for post-test analysis
to supplement the real-time monitoring and to facllf rate
replaceable item. The degree of retest shall be the
mechanized accumulation of trend data for the critlcal
test parameters. Test data shall be examined for our of
tolerance values and for characteristic signatures.
Transient responses and mode switching tests shall be
examined for proper response. The test data shall also be
compared across major test sequences for trends or
evidence of anomalous behavior.

6.4.2 Rationale for Test Data Analvsis Reauirement. Test
data analysis is conducted to ensure that all specification
requirements are met and to eliminate any incipient failures.
Also, analysis ensures that a data base exists from component to
system level. and among all like item6 of hardware, from which
nominal performance variability can be determined and degrading
trends identified. The data bank is also necessary in evaluation
of anomalies which occur in orbital use of the system.

6.4.3 Guidance for Use of Test Data AnalYBi6 Reauirement.
Test methodology and monitored parameter6 should be the same
from component through system level to the maximum extent
pO6Bible. Selected trends together with test data are
recommended to be used as an integral element of hardware
cer t i f i ca t ion . Key parameter Sheet6  should include all critical
parameters, and any unusual or unexpected trends should be
evaluated to determine the existence o-f any trends toward6 an
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out-of-limit value or of an incipient failure within a component
or system interface. Comparison should be made to previous like
components to aid in determining whether the anomaly is peculiar
to that component or is generic in nature.

The requirement is applicable to those selected components,
subsystems, and systems whose operating characteristics are
judged complex and whose nominal repeatability i6 dependent on
the stability of its constituent elements. Implementation
requires a test methodology which looks at the same or related
critical parameter6 at each level of test, such that degradation.
or failure detected at higher levels of assembly can be traced
to the most probable cause at a lower level.

A matrix should be made showing evidence of test data
review and data acceptance at each post-test review. Each
matrix would then become part of the acceptance data package at
the component, vehicle, and system levels.
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SECTION 7

DEVELOPMENT TESTING

7 . 1 DEVELOPMENT TESTS

7.1.1 S t a n d a r d  C r i t e r i a . Content6 of Paragraph 5.1 of
MIL-STD-1540B pertaining to development testing are as follows:

The objective of the development tests fs to assure
that testing of critical items at all levels of assembly is
sufficient to validate the design approach. Requirements
for development testf ng therefore depend upon the maturity
of the subsystems and components used and upon the
operational requirements of the specific program.
Development tests are necessary to validate new design
concepts and the application of proven concepts and
techniques to a new configuration. Development tests are
also conducted to verify design crfteria  for structures and
components and to determine design margins and failure
modes. Development tests may be conducted on breadboard
equipment, prototype hardware, or the development test
vehjcle equlpment and software. When development tests are
proposed on quallff ca tlon or flight hardware, the approval
of the contracting  officer 1s requf red.

By its nature, development testing cannot be reduced to
a standardized set of procedures. The development test
requirements are necessarfly unique to each new space
vehicle. It is not the Intent of this section to define the
required development tests, but to provide guidelines for
conducting appropriate tests when their need has been
established.

7 . 1 . 2  R a t i o n a l e  f o r  DeveloDment T e s t s . Development tests
are conducted on breadboard equipment, prototype hardware, or on
prototype software to validate the design or manufacturing
approach.

For hardware, particular concern is on packaging design,
electrical and mechanical performance, and capability t o
withstand environmental Stress. New designs should be
characterized across worst case voltage, frequency, and
temperature variation6 at the breadboard level. Functional
testing in thermal and vibration environment6 is normally
conducted. For e lectronic  boxes , thermal mapping in a vacuum
environment for known boundary conditions may be needed to
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verify the internal component thermal analysis. The correlated
thermal model.i6  then used to demonstrate that critical p i e c e
part temperature limits, consistent with reliability
requirements and performance, are not exceeded. Development
test6 involving mounting methods for parts, board sizes and
th i cknes s , number of layers, or installation method should be
performed to evaluate new interconnect systems. Temperature
cycling and random vibration development testing should be
conducted to evaluate the entire package.-

. Test6 of structural and thermal development models are
often-necessary to confirm dynamic and thermal environmental
criteria for design of subsystems; to verify mechanical

... interf ace6, and to. assess fundtional performance of deployment
mechanisms and thermal control systems. Space vehicle
development.testing  also provide6 an opportunity to develop
handling and operating procedures a6 well as to understand
system interactions. A mechanical fit and operational interface
test with the launch vehicle and handling facilities at the
launch site is recommended.

7.1;3 Guidance for DeveloDment T e s t s . Speci f ic
development tests are conducted when their need ha6 been
fdentified by the contractor or when they are contractually
required. It is not the intent of WIL-STD-1540B  to limit
development testing, but to encourage without restrictions
appropriate development tests.

#
7.2 MODAL SURVEY TESTING

7.2.1 Standard Cri.teria. Contents of Paragraph 5.3 of
WIL-STD-1540B pertaining to modal survey tests of space vehicles
are as follows:

4 nuxial survey is nomlly conducted to define or verify an
analytically derived dynamic model of the space vehkle for
use in launch vehicle flfght loading event simulations and
for use in examinations of post-boost conflguratlon  elastic
effects upon control precision and stability. This test is
conducted on a flight quality structural subsystem as
augmented by mass simulated cogponents. The data obtained
should be adequate to define orthogonal mode shapes, mode
frequencies, and mode damping-ratios of all modes which
occur a&thin the frequency range of Interest. In most
instances, modes in the frequency range from zero to SO Hz
should be OIBcLsured.

c),.z.z Rationale for Modal Survev Tests. The modal
survey test is an important element in the flight load6

-c -
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environment definition, which is essential to the verification
of the flightworthiness of the space vehicle structural design
and to the satisfaction of flight safety requirements. Usually
the critical loads experienced by a spacecraft structure in
flight are highly dependent upon the dynamic characteristics o f
the spacecraft. For this reason, it is necessary that the
accuracy of the spacecraft model be determined through the
experimental measurement of the natural modes of the flight
configuration.

7.2.3 Guidance for Modal Survey Tests. Modal survey
tests are conducted to determine the natural mode frequencies
and the mode damping ratios. They should accurately map the
mode shape vectors of all modes in the frequency range of
interest, which is usually taken to be from zero to 50 Hz.
Orthogonality of the measured mode shapes is the most frequently
applied criterion for the accuracy of the mode test
measurements. Acceptable orthogonality is indicated when all
the off-diagonal terms in the normalized modal mass matrix are
less than 0.10. This is a technically demanding requirement and
is likely to be achieved only when careful attention is given to
planning and pretest preparations as well as to the proper
execution of the test.
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SECTION 8

SPACE VEHICLE AND SUBSYSTEM LEVEL TESTS

8.1 SPACE VEHICLE TEST BASELINES

8.1.1 Standard Criteria. Contents of Paragraphs 6.2 and
7.1 of MIL-STD-1540B (requirement6 for space vehicle
q u a l i f i c a t i o n  a n d  a c c e p t a n c e  t e s t s  baSelineS)  are  a6  fo l lows:

6.2 SPACE VEHICLE PUALJFICATION  TRSTS

The space vehicle qualification test baseline consists of
all the required tests specified in Table I. The test baseline
shall be tailored for each program, giving consideration to
both the required and optlonal tests; however, deviations from
the baseline requirements for the required tests shall be
approved by the contracting officer. Addjtional  special tests
such as alignments, Instrument callbratdons,  antenna patterns,
and mass properties that are conducted as acceptance tests for
flight vehfcles shall be conducted on the qualification flfght
vehicle unit. If the space vehicle is controlled by on-board
data processing, the flight version of the computer software
shall be resident in the space vehicle computer for these
tests. The verification of the operational requirements shall
be demonstrated to the extent practicable.

*
Table I. Space Vehicle Qualification Tests

Test Reference
Paragraph

Suggested
Sequence

Requfred IR)
OR

Optional (0)

Functional
&WC
Acoustic
Vibration
Pyro Shock
Pressure
Thermal Vacuum
Thermal Balance
Thermal Cycling

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6
6.2.7 _.
6.2.8
6.2.9

2 R
5 R(2)
5 0
4 R
3, 6 R
9 R 1
8 .-- R
7- O(3)

Notes: (1) Electrical and mechanical  functional tests shall be
conducted prior to and foll wing each environmental test

(21 Conduct vibration In place of acoustic test for vehicles
of compact shape and wfth weight less than 180 kilograms

(31 Required If thermal cycling acceptance test 7.1.8 1s
conducted.
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7.1 SPXE VEHICLE ACCEPTANCE TESTS

The space vehicle acceptance test baseline consists of
all the requized tests speclffed in Table IXI. The test
baseline shall be tailored for each program, giving
consideration:to both the required And optional tests;
however, deviations fmm the baseline requirements for the
required tests shall be approved by the contracting offfcer.

Table III. SpAce Vehicle Acceptance Tests

Test Jteference suggested Required (R)

Paragraph ’ Sequence OR
OptSonal (0)

Punct3onAl
iwc
acoustic
Vfbration
Pyro Shock
Pressure
Thermal VACUum
Thermal Cycling
Storage Tests
Special Tests

7.1.2
'7.1.2
7,1.3
7.1.4
7.2.5
7.1.-d
7.1.7
7.1.8
7.1.9
7.2

2IlJ
2
S
S
4
3, 6
8
7

0
0
R
,131

Notes: (1) Glectrical functional tests shall be conducted prior to
and following each environnwntal  test.

(21 C&au&t vibration fn place of acoustic test for vehicles
of compact .shape And with weight less than 280 kIlograms

131 Requirements Are nwdifLed If Thermal Cycling test 7.1.8
is conducted.

Additional special tests normally conducted by space vehicle
programs incrude Alfgriments, instrumentation calibrations,
And measurements of mass properties, antenna patterns, And
magnetic field. Since performance and accuracy requirements
Are generally program peculiar, And test methods are
typ1cAlly contractor pecu2i~r. these tests Are not included
In this stantiAra.

If the space vehicle is controlled by on-board data
processing, the flight version of the computer soffwAre  shall
be resfdent in the space vehicle computer for these tests.
The verification of the operational  requirements Shall be
deItKBnStrAted  in these tests to .the -tent prActicable.

--



MIL-HDBK-340 (USAF)
31 July 1989

-
. .

8.1.2 Rationale fo r  Space Vehicle Test Baseline Reuuirements.
Environmental qualification tests are a formal demonstration that
a production vehicle (or prototype) is adequate to successfully
sustain specified environmental design levels. These tests are
mainly performed to determine if there are factors that may have
been overlooked during design, analysis, or manufacturing.
Additionally, the environments used during these tests are the
design levels that are more severe than those predicted to occur
during flight in order to account for variabilities in subsequent
production articles and other uncertainties. Qualification test
requirements, therefore, incorporate margins which are added to
the range of environmental extremes and stresses expected to occur
in service. Before qualification testing, the space vehicle
should have been subjected to the same controls, inspections,
alignments, and tests imposed on flight vehicles. This includes
completion of the environmental acceptance tests.

The environmental tests required for space vehicle qualifi-
cation are EMC, acoustics (vibration for certain configurations),
pyrotechnic shock, thermal balance, thermal vacuum, and pressure
test of fluid subsystems before and after the pyrotechnic shock
and acoustic tests. Functional tests are required before and
after each environmental test. Thermal cycling at ambient pressure
is an optional test but becomes a required test if thermal cycling
is imposed for space vehicle acceptance testing.

For certain configurations, random vibration may replace
acoustic testing as one of the required tests. In general, these
situations arise when the space vehicle is of small size and has a
high density. For such a small compact vehicle, acoustic noise
may not adequately excite vibratory responses, due to insufficient
surface area over which the acoustic pressures may act, and due to
a frequency mismatch between the excitation and the natural
vibration frequencies related to the dimensions of the space
vehicle. In such a case, vibration testing is used to generate a
more realistic response in the test specimen.

Environmental acceptance tests are conducted on space vehicles
to demonstrate flightworthiness and to disclose quality deficiencies
in the flight article. Acceptance tests are intended to satisfy
these goals by subjecting the space vehicle to the maximum environ-
mental exposures expected in service. The test program is comprised
of a series of tests; some are required tests, while others are
optional. Required vehicle-level acceptance tests include thermal
vacuum, acoustic (or vibration for certain configurations), pressure
test of fluid subsystems, and functional tests before and after each
environmental test. Augmenting the required tests are those
optional tests which are considered appropriate in accordance with
the goals and characteristics of a given space vehicle program.
Among the optional acceptance tests are EMC, pyrotechnic shock, and
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thermal cycling. If thermal cycling is performed, the thermal
vacuum testing requirements for the space vehicle are reduced, and
the number of thermal cycles specified for the thermal vacuum test
may be reduced from four to one.

--

.
8.1.3 we for Use of Wace Vehicle Test Baselrne.xrements The suggested sequence of environmental tests is

based on thrie considerations: preserving the sequence or
concurrent nature of the service environments, assuring that
potential failures will be detected as early as possible with the
least cost and schedule impact, and assuring detection of
dynamically induced intermittents. Therefore, dynamic tests, which
simulate the launch and ascent environment and are generally of
short duration with limited performance testing, should precede
thermal vacuum tests, which simulate long duration orbital
environments where greater opportunity is afforded for more
extensive diagnostic testing. The dynamic tests provide an
opportunity for the detection of dynamically induced intermittents
not usually detected in post-dynamic functional tests. However, in
recognition of iprogram-peculiar requirements, such as the buildup
sequence and logistic considerations, the order of testing in
MIL-STD-1540B is only a suggested rather than a required sequence.
However, the sequencing used should recognize that the thermal
vacuum test offers an opportunity of performing a completely
integrated orbital performance check and should be run towards the
end of the test sequence.

In order to minimize changes to test setups and -
instrumentation, the acceptance test exposures required for the
qualification article may be integrated with the qualification test
program by performing the acceptance level test just prior to the
qualification level test. For example, in conducting the space
vehicle acoustic qualification test, the acceptance level acoustic
environment would be imposed for its prescribed duration before
imposition of the full qualification acoustic environment. By
conducting the acceptance test just before the applicable
qualification test exposure, a secondary objective of validating
the environmental acceptance test program is accomplished.

The thermal cycling test, which may be imposed at the space
vehicle level, has proved to be extremely useful and cost-effective
in disclosing latent-~-defects. Thermal cycling tests are also
useful for periodic testing of vehicles in storage to assure that
they remain flight-ready.

The mechanical and electrical functional tests are extremely
important elements in the test baselines. The functional tests are
conducted prior to and after each of the environmental tests. They
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- should be designed to verify that performance of the components and
of the space vehicle meets the specification requirements, that the
components and the space vehicle are compatible with ground support
equipment, and that all software used is validated, such as in
computer-assisted commanding and data processing. In addition, the
electrical functional tests should include negative logic testing to
verify lockout, to assure that no function other than the intended
function was performed, and to verify that the signal was not
present other than when programmed. To the extent practicable, the
functional tests should also be designed so that a data base of
critical parameters can be established for trend analysis. This is
accomplished by measuring the same critical parameters in all of the
functional tests conducted before, during, and after each of the
baseline environmental tests. During these tests, the maximum use
of telemetry should be employed for data acquisition, problem
identification, and problem isolation. This can assist in
mechanizing the data base for trend analysis and provides training
for on-orbit flight support.

The trend data and the final ambient functional test conducted
prior to shipment of the space vehicle to the launch base provide
the data to be used as success criteria during launch base testing.
For this reason, the vehicle level functional tests should be
designed so that they can be duplicated, as nearly as possible, at
the launch base.

It is extremely important that functional tests be conducted
before and after each environmental test. These functional tests
provide the criteria for judging successful survival of the space
vehicle in a given test environment. It is also important to perform
functional tests of space vehicle subsystems while the environment
is being imposed. This is especially important for the thermal
balance or thermal vacuum tests, since the space vehicle is expected
to be fully operational under these conditions. It is considered
appropriate during acoustic or random vibration acceptance tests to
have the vehicle in an operating mode representative of launch and .
ascent. The launch and ascent time period usually involves a
minimum level of functional performance, with many subsystems
inoperative. It is probable that any undetected dynamically induced
fault which was not detected in the post-test functional test would
be found during the thermal test which requires full subsystem
performance monitoring. This again is rationale for performing
dynamic tests before thermal environmental acceptance testing. For
qualification and protoflight space vehicles; however, dynamic tests
should be performed on fully functional space vehicles with their
performance monitored for intermittents. Many design related
defects such as improper mounting, inadequate clearances, or
electrical intermittents, which otherwise escape detection by pre-
and post-test functional checks, reveal themselves during dynamic
environmental qualification or protoflight testing.
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Practical limitations frequently restrict the extent of
operation of space vehicle subsystems during the relatively brief
acoustic test. In recognizing this problem MIL-STD-1540B permits
extended functional testing with subsystems operating and
monitored, but conducted at a level 6 dB lower than the required
test level, after the required environmental exposure has been
satisfied.

For small compact spacecraft, acoustic testing will not
provide adequate environmental simulation, and random vibration
should supplant the acoustic test. MIL-STD-1540B directs that
vibration testing be considered for vehicles of compact shape and
weight less than 180 kilograms (approximately 400 pounds). For a
launch vehicle such as the STS, which produces considerable
acoustic noise in the low frequency range below 100 Hz, the
wavelengths of the dominant frequencies are longer than 10 feet.
If a small heavy cylindric space vehicle, 4 feet in diameter and 3
feet long, were tested in a representative acoustic environment,
the resulting vibration response of the vehicle might fall short
of simulating actual conditions in the low frequency range. In
such an instance, random vibration testing could become the
preferred mode of testing. If there is insistence on an acoustic
test mode, it may become necessary to include the interfacing
structure with the space vehicle test specimen to achieve adequate
simulation. This could include cradles which hold the space
vehicle or associated upper stage, or even a portion of the launch
vehicle. The proportions of the test article should correlate
with those of the environmental frequency range of interest.
Where either test may be appropriate, equivalent vibration and
acoustic criteria should be derived by analysis or empirical
observations to provide corresponding criteria. In addition to
considering fidelity of simulation, a number of practical issues
are involved in this matter. Random vibration equipment
capabilities are limited in terms of displacement, force output,
and frequency range. An acoustic chamber which simulates the
ascent acoustic environment from 25 to 10,000 Hz can usually
accommodate relatively large vehicles, regardless of their
weight. However, a random vibration test facility imposes weight
limitations based upon vehicle plus fixture weight because of its
force limitations. In addition, mechanical vibration exciters
have difficulty generating frequencies above 2000 Hz. Also, a
very real danger exists of anomalous behavior of the vibration
exciter such as sudden shutdowns, runaways, and line transients.
When the space vehicle is intimately attached to a vibration
exciter of significant force capability, much damage can be
inflicted unless careful attention is devoted to safeguards. The
decision to perform either acoustic or random vibration tests
involves much engineering judgment. Situations may arise in which
some combination of acoustic and vibration tests provides the best
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s o l u t i o n . The low frequency portion of the environment may ,best
be simulated by mechanical  vibration,  while the mid and high
f r e q u e n c i e s  may be more suitably tested by acoustic methods.
Familiarity with the Capabilities of the two test method6 and an
understanding of the physical aspects of the environmental
simulation aids in Selecting the best combination Of tests.

Table6 IPI through VI summarize the important parameters of
space vehicle environmental tests. They are useful as concise
references to the major test requirements and for comparing
qualification to acceptance test requirements.

TABLE III. Thermal Cycling Test-- Space  Vehic le  Qual i f ica t ion
and Acceptance Test Parameter6

Thermal Cycling Test
Parameter6

Temperature Range
D i f f e r e n t i a l

Temperature Extreme6

Number of Cycle6

Dwell

Q u a l i f i c a t i o n
- Para. 6.2.9

Acceptance
- Para. 7.1-B

I

Max. possible
within constraints,
with minimum of
7o"c

Max.  possible
w i t h i n  c o n s t r a i n t s
with minimum of
5ooc

Not  Spec i f ied  in
para. 6.2.9

Not specified in
para. 7 . 1 . 8

No. of cycle6
= 125 percent of
acceptance test .
E 50 minimum

40 minimum

Duration not
Specified. On
last cycle only,
at each temp.
extreme, for
functional test.

Duration not
specified. 9n
last cycle only,
at each temp.
extreme, for
functional test-

I
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TABLE IV. Thermal Vacuum Test --Space Vehicle Qualification
and Acceptance Test Parameters.

The.rmal Vacuum Test Qualification
Parameters - Para. 6 . 2 . 7

Acceptance
- Para. 7 . 1 . 7

Temperature Range
and Extremes

Min. predicted to Min. predicted to
max. predicted max. predicted
temp. environments temp. environments
plus environmental for one component
design margin of in each vehicle
loot, for one equipment area
component in each
vehicle equipment
area

Number of Cycles Min. of B cycles Min. of 4 cycles i:
thermal cycling
not performed

Dwell Min. of B hours Min. of B hours
soak at each temp. soak at each temp.
extreme of each extreme of each
cycle cycle

Pressure lO-4 Torr or less 10-4 Torr or less

7

,

e

_(
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TABLE V. Pyrotechnic Shock Test--Space Vehicle
Qualification and Acceptance Test Parameters

Pyrotechnic PyKO Shock
Shock Test Qualification
Parameters - Para. 6.2.5

PyKO Shock
Acceptance
- Para. 7.1.5

Shock Level Max. predicted shock Max. predicted
environment plus shock environment
environmental design
margin of 6 dB

Number of Shocks At least one firing Required for Ke-
(number Of of each pyrotechnic furbishable device6
firings) device. 3 firing6 only. One firing

for devices of each device
producing shocks causing significant
within 6 dB of max. shocks to critical
measured response and Shock-SenSi-
from any device. tive components.

TABLE VI. ACOUStiC TeSt-- Space Vehicle Qualification
and Acceptance Test Parameters

Acoustic Test Qualification
- Para. 6.2.3

Acceptance
- Para. 7.1.3

Sound PKe66UKe
Level

Greater of: maximum Greater of: max.
predicted environ- predicted environ-
ment plus environ-
mental design
margin of 6 dB, OK
144 dB overall

Test Duration Greater of: 3 times Greater of: max.
expected flight expected flight
exposure time, or exposure time, or
3 time6 acceptance l-minute minimum
test duration, or
j-minutes minimum
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8.2 SPACE VEHICLE ACOUSTIC TESTS

8.2.1 Acoustic Qualification Tests

8.2.1.1 :Standard  Criteria. C.ontents of 'Paragraph 6.2..3
of MI'L-STD-1540B  (requirements for space vehicle qualification
acoustic test) ..ate a6 follows:

6.2.3 Acoustic Test, Space Vehicle QUalifiCatiUn

6.2.3.1 Purnose, ThSs test demonstrates the ablllty of the
space vehicle to withstand or, if appropriate, to operate in
the design level acoustic environment which Is the maximum
level imposed in flight plus a design mi%rgin. This test also
verifies the adequacy of component vibration qualification
criteria.

6.2.3.2 Test Descrintion. The space vehicle shall be
installed in a reverberant acoustic cell capable of
generating desired sound pressure levels. It shall be
mounted on a flight-type support structure or reasonable
simulation thereof. The mechanical configuration of the
space vehicle shall be as it is during ascent (for example,
solar  ,arrays and antennas stowed). Where possible. ground
handling equipment and test equipment shall -be removed.
Adequate dynamic instrumentation shall be installed to
measure vibration responses at attachment points of critical
and representative components.

6.2.3.3 Test Levels and.Dutation. The acoustic test
spectrum shall .be the design environment (see 3.8) which is
the maximum predicted.fllght  environment (see 3.20) plus the
design margin (6 dB .: see 3.12). However, the overa'll sound
pressure level of the qualification test shall not be less
than 144 dE. Exposure test time shall be at least three
times :the expected flight exposure time to the maximum flight
environment, -or three times the acceptance test duration 'ff
that is .greater, but not less than 3 minutes. Operating time
should be dfvided approximately equally between redundant
circuits. Uhere.insufficient time is available at the full
test level to test all redundant ci~rcui ts, abl functions, anii
all modes, extended testing-at a level 6 dB lower.3hall  be
conducted.as necessary to complete functional testfng.

6.2.3.-d Suunlementaru  ReuuJrements.  -During the test aJ1
electric&l .and Telectronic componenIz%,  even if not vperating
dutfng lamch,shall be electrical2-y enezgazed and-sequenced
through~xymx'tional modes to the~imum extent possible rJi.th
the .exception of com,ponents  'that-m&! sustain damage ff
ener+wd. zontinuous monitor$rzg-&  several percep.t%ve
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parameters shall be provided to detect intermittent failures.
Functional tests are required before and after the environmental
exposure.

.8.2.1.2 Rationale for Oualification Acoustic: Tests . Acoustic
qualification tests are a formal demonstration that a production
space vehicle can successfully sustain the specified acoustic
design levels. The space vehicle acoustic qualification test also
serves as a source for accurate vibration data which may be used to
compare with component qualification test requirements, as well as
forming a reference for evaluating vibration levels encountered
during acoustic acceptance testing of subsequent vehicles.

. s . .
8.2.1.3 Guidance for Ouallfication Acoustic Test A

critical element in the space vehicle acoustic qualifiiation  test
is the instrumentation used to measure the acoustic levels and the
vibration response of the equipment subjected to the acoustic
inputs. The quantity of instrumentation required may vary widely
from program to program due mainly to the size and complexity of
the test vehicle; however, sufficient vibration data should be
obtained such that ievery component may be evaluated. For large
vehicles, it would not be unusual to have in excess of 100
accelerometer measurements. Where large numbers of measurements
are not feasible and when each component cannot be instrumented,
emphasis should be placed on those components which have exhibited
poor component level qualification history or which are known to
have less than 6 dB qualification margins. It may be feasible to
choose locations which are representative of .several component
mountings. In general, measurements should be made on primary or
secondary structure at component attachment points. Measurement on
the component attachment flanges or lugs is acceptable only when
there is no room on the adjacent structure.

In general, triaxial measurements should be taken; however, a
single axis may be taken when it is known to be the higher response
axis or is the axis of maximum component sensitivity. The data
acquisition system should have the capability of acquiring accurate
data from 20 to at least 2000 Hz.

8.2.2 Acoustic ACCeDtanCe  Tesu
. .

8.2.2.1 Standard Criteria . -Contents of Paragraph 7.1.3 of
. MIL-STD-1540B -(requireme%ts for space vehicle acceptance acoustic

test) are as follows:

7.1.3 Acoustic Test, Space Vehicle ACCeDt~

7.1.3.1 FUrDOSe. This test simulates the acoustic and vibration
environment imposed on a space vehicle in flight in order to
detect material and workmanship defect8 that might not be detected
in a static test condition.
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7 . 1 . 3 . 2  Test Descriotion. Same as 6.2.3.2.

7.1.3.3 Test Levels and Duration. The acoustic spectrum shall
represent the maximum predicted flight environment as defined in
3.20. The overall sound pressure level for acceptance testing
shall not be less than 138 dB. The exposure time at full
acceptance test level shall equal or exceed the maximum expected
flight exposure time, but the test time shall not be less than 1
minute. Operating time should be divided approximately equally
between redundant circuits. Where insufficient time is available
at the full test level to test all redundant circuits, all
functions, and all modes, extended testing at a level 6 dB lower
shall be conducted as necessary to complete functional testing.

7.1.3.4 8uoolementar-v Reauirements. During the acoustic
acceptance test all electrical and electronic components which
are operating during the launch, ascent, or reentry phase shall
be electrically energized and sequenced through operational modes
to the maximum extent possible. Continuous monitoring of several
perceptive parameters shall be provided to detect intermittent
failures . Functional tests are required before and after the
environmental exposure.

a-2.2.2 Rationale f o
.

r Acceskance Acoustic Tests . Acoustic
acceptance tests are conducted on space vehicles to demonstrate
flightworthiness and to disclose quality deficiencies by
subjecting each flight article to the maximum acoustic exposure
expected in service. The space vehicle acoustic acceptance test
also serves as a source for vibration data which may be used to
compare with component expected flight levels, component
acceptance test levels, space vehicle qualification levels, and as
a diagnostic aid in the event of component malfunction or failure.

8.2.2.3 Guidance fo
.r Acceotance Acoustic Tests. An

important element in the space vehicle acoustic acceptance test is
the instrumentation used to measure the acoustic levels and the
vibration response of the equipment subjected to the acoustic
inputs. The quantity of instrumentation is governed by the size
and complexity of the test vehicle. Particular attention should
be given to those components critical to the flight mission, and
whose qualification test margin is less than 6 dB or which have a
poor vibration test history. Single-axis measurements may be made
in lieu of triaxial, when that axis has been shown to be the
higher response axis or is the axis of maximum component
sensitivity. A total of 12 measurements is considered nominal.
In some instances, the accelerometer and some of its wiring may be
left in place for flight, if its removal would require partial
disassembly and thus cause additional testing. In general,
accelerometer locations should duplicate those used in the
qualification testing.
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8.3 SPACE VEHICLE VIBRATION TESTS

V i b r a t i o n  t e s t s , per  Paragraphs  6 .2 .4  and  7 .1 .4  of
MIL-STD-1540B. are conducted in place of acoustic tests  for
vehicles of compact shape and with weight less than 180
kilOgKam6. The ra t iona le  and  guidance  for  space  vehic le
qua l i f ica t ion  and  acceptance  v ibra t ion  tes t s  a re  the  same as
for  acous t ic  t es t s  ( see  Paragraphs  8 .2 .1  and  8 .2 .2  above) .

8 .4 SPACE VEHICLE PYROTECHNIC SHOCK TESTS

8.4.1 Pyrotechnic Shock Qualification Test

8 . 4 . 1 . 1  S t a n d a r d  C r i t e r i a . Conten ts  o f  Paragraph  6 .2 .5
of MIL-STD-154OB  ( r e q u i r e m e n t s  f o r  s p a c e  v e h i c l e  q u a l i f i c a t i o n
pyKOteChniC  shock t es t )  a re  as  fo l lows:

6.2.5 Pure Shock Test, Space vehicle Qualification.

6.2.5.1 Purpose. This test demonstrates the capability of
the space vehicle to withstand or, If appropriate, to operate
in the design level pyro shock environments which are the
levels predicted for flight plus a design margin. This test
also verifies the adequacy of component pyro shock criteria.

6.2.5.2 Test Description. In this test or series of test
segments, all pyrotechnically operated devices and other
equipment capable of imparting a significant shock impulse to
the space vehicle shall be operated. Separation subsystem
shocks are of ten mare  severe than those from other
pyrotechnic devices, and operation of the separation
subsystems is therefore particularly significant. For these
t e s t s , the space vehicle shall be suspended or otherwise
supported so as to preclude the possibility of recontact
between separated portions thereof. When significant shock
levels are predicted from subsystems not on board the space
vehicle under test, such as the launch vehicle separation
shock, the adapter subsystem or suftable simulation shall be
attached and appropriate pyrotechnics or other means used to
simulate the shock fmposed. Adequate dynamic instrumentation
shall be installed to measure pyro shock responses in 3 axes
at attachment points of critical and representative
components.

Support of the space vehicle varies with the configuration
and may vary during the course of this test series. To
permit optimum positioning and prevent damage to such items
as deployment booms, paddles, and ejectables,  a series of
individual test setups or deployment restraints may be
required. The test setup shall permit, as nearly as
possible, flightlike dynamic response of the space vehicle
structure.
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6.2.5.3 Test Levels and Duration.. All pyrotechnic devices
(e.g., explosive bolt, nut., pin puller, marmon clamp, etc.)
shall be fired at least one time. Those pyrotechnic devdces
producing shock levels within d dB of the .maxImum shock
response measured from any of the devdces shall be fired two
additional times to provide the expected variability in the
shock 'environment. Firing of both primary and redundant pyros
shall be in the same sequence as they are designed to fire in
flight.

6.2.5.4 Swnlementaru Requfremnts.  Electrical and
electronic components shall be operating and monitored to the
maxdmum extent possible. Functional tests are required before
and after envIronmenta  exposure.

8.4.1.2 Rationale for Pyrotechnic Shock Qualification.
The pyrotechnic shock qualification tests are a formal
demonstration that a production space vehicle can SUCCe66fUlly
sustain the specified pyrotechnic shock design levels. The
pyrotechnic shock qualification test also serves as a source for
accurate shock data, which may be Used for comparison with
component qualification test requirements, and for forming a
data base for evaluation of shock level6 measured during
acceptance shock testing Of Subsequent Vehicles.

8.4.1.3 Guidance for Pyrotechnic Shock Qualification
Test. A critical element in the space vehicle pyrotechnic
shock qualification test is the instrumentation Used to measure
the pyrotechnic shock response levels of the equipment subjected
to the pyrotechnic Shock' inputs. The quantity of
instrumentation required may vary widely from program to program
due mainly to the size and complexity of the test vehicle:
however, sufficient data should be obtained 6UCh that every
component may be evaluated. For large Vehicles, it would not be
unusual to have in excess of 100 accelerometer measurements.
Where large number6 of measurements are not feasible and when
each component cannot be instrumented, emphasis should be placed
on those component6 which have exhibited poor component level
qualification history or which are known to have less than 6 dB
qualification margins. It may be feasible to choose location6
which are representative of several component mountings. In
general, measurements should be made on primary or secondary
structure at component attachment points. Measurement on the
Component attachment flange6 or lug6 i6 acceptable only when
there is no room on the adjacent structure. Shock6 from all
potential shock-generating events should be measured.

In general, triaxial measurements should be taken: however,
a single axis may be taken when it is known to be the higher
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response axis or is the axis of maximum component sensitivity.
The data acquisition system should have the capability of
acquiring accurate data from 100 to at least 10,000 Hz at
frequency intervals of one-sixth octave or less.

In addition, if no design verification or development shock
testing was conducted, it is highly desirable to obtain data to
aid in characterization of the source shock. Measurements
should be made within 6 inches of the source with as few
intervening mechanical transitions as possible.

8.4.2 Pyrotechnic Shock’Acceptance Test

8.4.2.1 Standard Criteria. Contents of Paragraph 7.1.5
of MIL-STD-1540B (requirements for space vehicle acceptance
pyrotechnic shock test) are as follows:

7.1.5 Pyre Shock Test, Space Vehicle Acceptance

7.1.5.1 PurDose. This test simulates the dynamtc shock
environment imposed on a space vehicle in flight in order to
detect material and workmanship defects.

7.1.5.2 Test DescrMtfon. Same as 6.2.5.2.

7.1.5.3 Test Levels and Duratfon. Pyrotechnic shock
acceptance testing of space vehicles shall be required in those
instances where the shock-producing mechanism can be readily
refurbished for flfght, as is often the case for explosive
nuts, bolts, pInpullers, and clamps. One firing of those
pyrotechnic devices causing significant shocks to critical and
shock sensitive components shall be conducted. Firing of both
prfmary and redundant pyros is required in the same
relationship as they will be used in flight. However, where
the pyrotechnic mechanism explosively severs structure by
detonation of detonatjng  fuse or shaped charge, such tes tAnq
shall not be included or requfred.  To aid In fault detection,
the pyro shock test shall be conducted with subsystems
operating and monitored to the maximum extent practical.

8.4.2.2 Rationale for Pyrotechnic Shock Acceptance Test.
Pyrotechnic shock acceptance test6 are conducted on space
vehicles to demonstrate flightworthiness and to disclose quality
deficiencies by subjecting each flight article to the maximum
pyrotechnic 6hOCk exposure expected in service. The space
vehicle pyrotechnic shock acceptance test also serves as a
source for data which may be used to compare with component
expected flight levels, component acceptance test levels, space
vehicle qualification levels, and as a diagnostic aid in the
event of component malfunction or failure.
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8.4,2..3..  Guidance EQrPvrotechntc- Shock Accerrtance Test.
An ixtportmE element i.n.the apace vehicle pyrotechnic shock --
acceptance- test ia,the in6trumentatfon  u6ed to measure the.
pyr~o~technkc shocWlevef6 and the. vibration. response of the .’ .’ *
equipmentsubj.ected to the pyrotechnic .shQck inputs. The
quantity Qf Ens.trumentation  is governed. by the size and
complexity- of the te6t vehicle. In6trumentation may be

3Fe6tricted. to thQ6e component6 which are critic:al.  to.-the flight i._.
.? mi66iQn.. and who6e qualification test margin is lees than 6 dB

0.r which.have a poQr' VibratiQn t66.t hi6tory.~' Single-axis
meas~urements  may be made in-lieu of tria.xial, when that axis has __
bee.n shown to be, the higher respon6e axis or i6 the axis of
maximum- component .sensitivity.+.. 'A: total of 12 measurements is
considered nominal. In som6Linstance6, the accelerometer and
some. Of it6 Miring may be left in place for .flight, if it6
removal would require partial disa6sembly and thU6 cause
.add.itional tes-ting. In general, accelerometer Iocations should
duplicate. those used in the qualification testing.

8.5 SPACE VEHICLE PRESSURE TESTS

8.5.X Standard Criteria. Content6 of Paragraph6 6.2.6
and 7.1.6 of MIL-STD-1540B (requirement6 for space vehicle
qualification and acceptance pressure tests) are as follows:

6.2.6 Pressure Test, Space Vehicle Qualification

6.2.6.1 Pumose. This test demonstrates the capabilfty
of fluid subsystems to aieet the flow, pressure, and
leakage rate requirements specffied.

6.2.6.2 Test Description. The space vehicle shall be
placed in a facility that provfdes the services and safety
conditions required to protect personnel and equipment
during. the testing of high-pressure subsystems and in the
lmndSimp of dangerous fluids. Tests shaN be performed to
verify coupatibil~ty~ with the test setup and to ensure
that pzopex control of the equipment and test functions Is
pvided. The zequizemnts of .&be subs.ystem fncluding
flaw, ,&akage, an& regulation shtil be measured wMle
opezatlng applicable va;Lves, pumps, andmotors. The flow

. . checks shal2 vex'ify that the.pZmhfng confSqurations are
adeqgate. cT-hed&~fOZ aubsys.tem c1emuness, IDIs.ture
&w&s, and pH shdl a&o be.am&... Uhere pmsstu~zed

sub#yirtems aze assembled with other than braa& or welded
_- ' comectlons,  the specffied torq_ge values for. these

_ connectfons shall be v&if&ed prior to leak checks.

In'addition to the high pressure test, propellant tanks
and thruster valves shall be tested for leakage under
propel&mt servAcfng condftims. Tbesystem shall be
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evacuated to the internal pressure normally used for
propellant loading and the systems pressure monitored for
any indication of leakage.

6.2.6.3 Test Levels and Duration. The subsystem shall be
pressurized to proof pressure (see 3.34) and held for 5
minutes, then the pressure shall be reduced to the maximum
predicted operatfng pressure fsee 3.21). Unless specified
otherwIse, the proof pressure equals 1.5 times the maximum
operating pressure. This sequence shall be conducted
three times. Inspection for leakage after these cycles
shall be at the maximum operating pressure. The duration
of the evacuated propulsion system leak test shall not
exceed the time that this condition is normally
experienced during propellant loading.

6.2.6.4 Supplementary Requirements. Applicable safety
standards shall be followed in conducting all tests.
Specially formulated bubbleforming solutions are suitable
for detecting external leakage at such locatfons as
joints, fittings, plugs, and lines, where the allowable
limits are from 0.00001 to 0.01 cubic centimeters per
second (cubic cm per set). Solutions that are used for
detecting leaks shall be compatible with the media being
leak tested or with the media which could contact any
residues. Liquid djsplacement methods may be used for
detecting leakage through poppet seats and internal seals
for measurement requirements of 0.1 to 30 cubic cm per
sec. Helium or radioactive tracer gas leak detectors may
be used for leakage rates from 0.0000001 to 0.0001 cubic
cm per sec. The use of halogen gas detectors for liquid
propulsion subsystems shall be avoided. Leak tests shall
be conducted only after satjsfactory proof pressure tests
have been completed. Leak detection and measurement
procedures may require vacuum chambers, bagging of the
entire space vehicle or localized areas, or other special
techniques to achieve the required accuracies.

7.1.6 Pressure Test, Space Vehicle Acceptance

7.1.6.1 Pur~osti. This test demonstrates the capability
of fluld subsystems to meet the flow, pressure, and
leakage requirements specified fn the space vehicle
specif ica tlon.

7.1.6.2 Test Descrlptfon. Same as 6.2.6.2.

7.1.6.3 Test Levels and Duration. The leak checks shall
be performed by pressurfzfng the subsystem to maxdmum
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operating pressure and holding at this pressure for a
period commensurate with the leakage method being employed.

7.1.6.4 Suvplementaru Re&rements. Same as 6.2.6.4.

8.5.2 Rationale for Pressure Test Reauirements. The
pressure test8 defined in the standard criteria above are
conducted after assembly of a fluid SUbSyStem. It is assumed
that each component has previously been pressure-qualified and
acceptance-tested. Consequently, the main emphasis  of the
subsystem level pressure tests is the pressure and leakage
integrity of interconnects. Since components might have
degraded during storage, transport, handling, and assembly
operations, subsystem proof pressure tests are required in
addition to inspection for leakage. Tables I (Qualification)
and III (Acceptance) of MIL-STD-1540B require two vehicle or
subsystem level pressure tests: one before pyrotechnic shock
tests and one after the acoustic test.

For qualification tests, three proof pressure tests are
required each time a subsystem pressure test is conducted. For
the two.subsystem pressure tests required by MIL-STD-1540, this
requires a total of six proof pressure tests. The three proof
pressure cycles required for qualification are based on the
general concept of providing a qualification margin above the
acceptance test values. Since acceptance and qualfication  proof
pressures are required to be the same, the greater number of
qualification proof pressure cycles (three times the acceptance
cycles) are considered to provide this margin.

For acceptance pressure tests, a single proof pressure test
is required each time a subsystem pressure test is conducted.
For the two subsystem acceptance pressure tests per Table IV o f
MIL-STD-1540B,  this requires a total of two proof pressure
tests . For these tests, the system is raised to proof pressure
and held for five minutes at this pressure. The purpose of the
five-minute hold is to allow time for potential yield of t h e
materials or for potential,crack growth-to occur. The magnitude-..of--the proof pressure is as-required in -the subsystem
speci f ication. MIL-STD-1522 provides proof pressure
requirements for components. The component with the lowest
proof pressure -requirement within the subsystem governs the
subsystem proof pressure magnitude.

Leakage of SUbSyStemS  is usually determined at
interconnects and at exits for gases such as at thrusters and
fi l l  or  drain f i tt ings. The maximum allowable leakage governs
the leakage.testing  method.
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8.5.3 Guidance for Use of Pressure Tests. The test
description of Paragraph 6.2.6.2 of MIL-STD-154OB provides a
synopsis for guidance. Further guidance for proof pressure
tests is provided in MIL-STD-1522. Guidance for leakage tests
is provided by the leakage testing handbook, NASA S-69-1117.

8.6 SPACE VEHICLE THERMAL VACUUM TESTS

8.6.1 Thermal Vacuum Qualification Tests

8.6.1.1 Standard Criteria. Contents of Paragraph 6.2.7
of MIL-STD-1540B (the requirements for space vehicle thermal
vacuum qualification tests) are as follows:

6.2.7 Thermal Vacuum Test, Space Vehicle Qualification

6.2.7.1 Purpose. This test demonstrates the ability of
the space vehicle to meet design requirements under vacuum
conditions and temperature extremes which sfmulate those
predicted for flight plus a design margin.

6.2.7.2 Test Description. The space vehicle shall be
placed in a thermal vacuum chamber and a functional test
performed to assure readiness for chamber closure. The
vehicle shall be zoned Into separate equipment areas based
on the location of critical components within each area.
Components that operate during ascent shall be monitored
for corona, and multipacting (see 3.271 as applicable, as
the pressure is reduced to the lowest specified level.
Equipment that does not operate during launch shall have
electrical power applied after the test pressure level has
been reached. A temperature cycle begins with the space
vehicle at ambient temperature. The temperature is
reduced to the specified low level and stabilfzed.
Component temperature stabilization has been achieved when
the rate of temperature change is no more than 3 deg C per
hour. Following the cold soak, the temperature shall be
raised to the highest specified level and stablllzed.
Following the high temperature soak, the space vehicle
shall be returned to ambient temperatures to complete one
temperature cycle. Functional tests shall be conducted
during the first and last temperature cycle at both the
high and lw temperature limits with functional operation
and monitoring of perceptive parameters during all other
cycles. In addition to the temperature cycles, the
chamber shall be programed through various orbital
operations. operational sequences shall be coordinated
with expected orbital environments, and a complete cycling
of all equipment shall be performed incl udfng the
operating and monitoring of redundant equipment and
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paths. System electr;lcal qequlpment &hall .be operatYng  and
monitored throughout the test. StrategIcally  placed
temperature’  monitors shall assure attainment of
,tempera  ture limits. Strategical 1 y placed wi tness .plates
and quartz crystal microbalances or other tnstrumentation
s'hall be installed in the test chauiber to assure that
outgassing from the space vehicle and test equipment does
not degrade iystem performance beyond speclfded limits.

6.2.7;3 Test Levels and Duration. Temperatures in
varioti equipment areas shall be controlled by the
external test environment and fnternal heatlng resulting
from equipment operation so that during the hot cycle the
temperature on at least one component In each equipment
area at Its design high temperature and one component
durfng the cold cycle is at 1 ts design low temperature.
The temperature extremes shall be established by a survey
of predicted temperatures in various equipment areas and
may have to be adjusted to the performance of the most
sensitive components fn a particular area. Temperatures
on the components shall not be allowed to exceed the
design levels for the components. The pressure shall be
maIntained at 0.0133 pascals (0.0001 Torri or less. Al l
orbftal operational conditions and all equipment
functional modes including redundancy shall be tested.
The qualification test shall include at least eight
complete hot-cold cycles at the maximum predIcted. orbital
rate of temperature change and with at least an 0-hour
soak at each temperature extreme. Operating time should
be divided approxfmately equally between redundant
circuits .

6.2.7.4 Supplementaru Reaulrements. Since the purpose of
the more severe temrature  extreme Is to demonstrate an
adequate design margin, it may be necessary to force
temperature extremes at certain locations by altering
thermal boundary conditions locally or by altering the
operational sequence to provfde additional heating or‘
cooling. Adjacent equipments may be turned on or off;
however, any special conditioning within the space vehicle
shall generally be avoided. External baffling, shadowing,
or heatfng shall be utilized to the extent feasible.

8.6.1.2 Bationale  for Thermal Vacuum Qualification
Tests . The objective of the vehicle level qualification
thermal vacuum test is to verify satisfactory functional
performance of the vehicle when it is exposed to vacuum
conditions and design level temperature extremes. During this
test, temperatures of individual components must not be allowed
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__- to exceed their component qualification levels. If component
failures or anomalies occur during this vehicle level test,
thermal data are needed to aid failure analysis and to determine
whether performance and material degradation due to environment
exposure are within acceptable limits.

8.6.1.3 Guidance for Thermal Vacuum Qualification Tests.
The vehicle is divided into separate equipment area6 or zones
for the thermal vacuum tests. The equipment areas are defined
by the number of critical or sensitive components selected as
drivers for the test. For example, an entire equipment
compartment may be defined as an equipment area, or a
compartment could be subdivided into critical components within
the compartment. A space vehicle may be divided into as many
equipment areas as necessary to test critical subsystems and
components over the thermal range. Note that some subsystems
may be located within more than a single equipment area.

The quantity of instrumentation required for the thermal
vacuum tests may vary widely from program to program depending
on the size, complexity, and thermal sensitivity of vehicle
equipment. Sufficient thermal data should be obtained such that
every component may be evaluated. It is recommended that
consideration be given to instrumenting components such as the
following:

0 Those components whose function is sensitive to
variation in thermal conditions, such as
gyroscopes, should be instrumented with several
thermocouples in order to detect thermal gradients
which may exist across the component.

0 All flight-critical components should be
instrumented with thermocouples in order to verify
the component qualification requirements, with
respect to temperature extremes.

0 Those component6 which have a surface facing heat
sources or cold walls should be instrumented with
a therzocoupleonthat  surface in order to prevent
that surface from being exposed to temperatures
beyond its qualification limit. These
thermocouples should not be used for test control
of an equipment zone. Thermocouples should be
placed on at least one other surface (surfaces not
facing the heat source of cold wall), in order to
detect temperature gradients across the unit and
to determine the control temperature of the unit.

0 Components which are not flight-critical should
also be instrumented with thermocouples if they
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are temperature-sensitive, or if the temperatures
they will see in flight cannot be predicted
through thermal analysis with sufficient accuracy.

Thermocouples should be strategically located on
components with heat sinks or thermal Shunt6 so
that an a66866ment Of these System6 can be made.

Instrumentation, such a6 quartz microbalances and
liquid nitrogen-cooled cold fingers, Should be
strategically located to monitor the rate and
quantity of outgassing and to collect
contamination data.

All test instrumentation should have current
calibration and alignment date6 prior to
installation on the test vehicle.

The power consumption of pertinent components
should be recorded prior to test initiation at
several voltage levels.

Equipment that is operational during launch should
be operational during the chamber pressure
pump-down. Component6 whose design is semivented
should also be operational during the chamber
pressure pump-down. These component6 should be
monitored for corona and multipacting during this
time.

All flight thermOCOUpl86 should be operational
throughout the thermal vacuum test. All
thermoCOUpl86, both flight and test, should record
temperature data in real time. Hard copies of the
temperature data should be obtained periodically
and before, .during, and after significant events.

In the event of a power outage or failure of the
real-time data acquisition system, precautions
should be preplanned to prevent the space vehicle
and components from being exposed to environments
beyond their qualification limits.

Photograph6 of the test article orientation within
the thermal vacuum chamber, and of the location6
of all thermOCOUpl86 and contamination monitors,
should be taken prior to closeout of the thermal
vacuum chamber.

Those components and hydraulic lines which contain
fluids should be clo681y inspected before and
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a f t e r  t h e  t e s t  a n d ,  i f  a t  a l l  p o s s i b l e ,  t h e y
should be monitored for leak6 during the thermal
vacuum test .

0 If a t  all possible, per iodic  v isua l  check6 of  the
space  vehic le  should  be  conducted  dur ing  this test
( i . e . , t h r o u g h  p o r t h o l e s ) .

8.6.2 Thermal Vacuum Acceptance Tests

8 . 6 . 2 . 1  S t a n d a r d  C r i t e r i a . Contents of Paragraph 7.1.7 of
MIL-STD-1540B (the requirement6 for space vehicle thermal vacuum
acceptance  tes t s )  a re  a6  fo l lows:

7.1.7 Thermal Vacuum Test, Space Vehicle Acceptance

7.1.7.1 Purpose. This test detects material, process, and
workmanship defects that would respond to thermal vacuum and
thermal stress conditions and verifies thermal control.

7.1.7.2 Test Description. Same as 6.2.7.2.

7.1.7.3 Test Levels and Duration. Temperatures in various
equipment areas shall be controlled by the external test
environment and jnternal  heating resulting from equipment
operation so that the hot (or cold) temperature on at least
one component in each equipment area equals the maximum (or
min1muml predicted temperature as defined in 3.25.. The
temperature extremes shall be established by a survey of
predicted temperatures in various equipment areas and may
have to be adfus ted to performance of the most sensitjve
components in a partdcular area. The pressure shall be
maintained at 0.0133 pascals (0.0001 Torr) or less.
Duration shall be sufficient to test all orbital operational
conditions and all equdpment  functional modes Including
redundancy. Operating time should be divided approximately
equally between redundant circuits. If the thermal cycling
test (7.1.8) is not conducted, the thermal vacuum acceptance
test shall Include at least four complete hot-cold cycles at
the maximum predicted orbital rate of temperature change and
have at least an d-hour soak at each temperature extreme of
each cycle.

During one temperature cycle, thermal equilibrium shall be
achieved at both hot and cold extremes to allow verification
of perf ormnce  of the thermostats, louvers, heat pipes,
electric heaters, and the control authority of active
thermal systems. Thermal equflibrlum has been achieved when
equlpment temperature change is not more than 3 deg C per
hour.
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8. 6.2.2 Rationale for Thermal Vacuum Acceutance Tests.

7.1.7.4 Suwlementaru Requirements. It may be necessary
to force temperature extremes at certain locations by
altering thermal boundary conditions locally or by
altering fhe operational sequence to provide addltfonal
heating or cooling. Any special conditioning within the
space vehicle shall generally be avoided. External
baffling, shadowing, or heating shall be utilized to the
extent possible.

Thermal vacuum acceptance tests are conducted on space vehicle6
t0 demonstrate flightWOrthineSS and t0 diSClOSe quality
deficiencies by subjecting each flight article to vacuum
condition6 and design level temperature extreme6 expected in
service. The space vehicle thermal vacuum acceptance test also
serves a6 a source for data which may be used to compare with
component expected flight levels, component acceptance test
levels, space vehicle qualification levels, and a6 a diagnostic
aid in the event of component malfunction or failure. The
thermal vacuum acceptance test serves as a source for thermal
data which may be used to compare with component design
temperature limits, component acceptance te6t levels, system
qualification levels, and as a diagnostic aid in the event of
component failure during or after the test. During the system
test, temperature6 of individual component6 should not be
allowed to exceed their component acceptance test levels.

s
8.6.2.3 Guidance for Thermal Vacuum Acceutance Tests.

The quantity of instrumentation required may vary widely from
program to program depending on the complexity and thermal
sensitivity of vehicle equipment. Sufficient thermal data
should be obtained such that all flight-critical, thermally
sensitive components may be evaluated. During the test,
temperatures of individual component6 must not be allowed to
exceed their component acceptance levels.

8.7 SPACE VEHICLE THERMAL BALANCE TEST

8.7.1 Standard Criteria. Content6 of Paragraph 6.2.8 of
MIL-STD-154OB (requirement6 for space vehicle thermal balance
qualification test) are a6 fOllOW6: -.

6.2.8 Thermal Balance Test, SDace Vehicle Uuallflcatfon  _

6.2.8.1 PurPose. This test verifies the analytical
thermal model and demonstrates the ability of the space
vehicle thermal control subsystem to laafn tain components,
subsystems, and the entfre space vehicle Mthfn the
specified operational temperature limits. This test also
verifjes the adequacy of con&wnent thermal design criteria.
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6.2.8.2 Test Descrivtion. The qualification space
vehicle shall be tested to simulate the thermal
environment seen by the space vehicle during the transfer
orbit and orbital mission phases. Tests shall be
conducted over the full mission range of seasons,
equipment duty cycles, solar angles, and eclipse
combinations so as to include the worst case high and low
temperature extremes for all space vehicle components.
Special emphasis shall be placed on defining the test
conditions expected to produce the maximum and minimum
battery temperatures. Sufficient measurements shall be
made on the space vehicle internal and external components
to effect verification of the space vehicle thermal design
and analyses. The power requirements of all
thermostatically controlled heaters shall be verified
during the test. The test chamber, with the test item
fnstalled, shall provide a pressure of 0.0133 pascals
(0.0001 Torr), or less. Where appropriate, provisions
shall be made to prevent the test item from "seeing" warm
chamber walls by using black-coated cryogenic shrouds of
sufficient area and shape that are capable of
approximating liquid nitrogen temperatures. The space
vehicle thermal environment may be supplied by one of the
following three methods:

a. Method I. Absorbed Flux. The absorbed solar,
albedo, and planetary irradiation is simulated
using heater panels or IR spectrum adjusted for
the external thermal coating properties and
projected by IR lamps or heater panels.

b. Uethod II. Incident Flux. The intensity,
spectral content, and angular distribution of
the incident solar, albedo, and planetary
irradiation is simulated.

C. Method III. Combination. Thermal environment
is supplied by a combination of incident and
absorbed irradiation.

The selection of the method and fidelity of the simulation
depends upon details of the space vehicle thermal design
such as vehicle geometry, the size of internally produced
heat loads compared with those supplied by the external
environment, and the thermal characteri stlcs of the
external surfaces. Instrumentation shall be incorporated
down to the component level to evaluate total space
vehicle performance within operational lfmi ts as well as
to identify component problems. The space vehfcle shall
be operated and monitored throughout the test. Dynamic
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verify the space vehicle thermal model, ample thermocouples or
thermistors consistent with MIL-STD-1540B instrumentation
accuracy should be used to obtain the appropriate information.
Typically, two orbital environments are simulated: one hot and
the other cold. These environments, however, may not be the
hottest or coldest for the space vehicle. Test or subsystem
restrictions may prevent running the hottest and coldest
environments. Again, the test is to verify the thermal model,
not to test the spacecraft at its extremes.

8.7.3 Guidance for Use of Thermal Balance Test. After
the test is completed, the temperature prediction6  made before
the thermal model for the test environment6 are compared to the
corresponding test data. Those differences that fall outside
the correlation goal of +3 deg C require either a good
explanation or a model adjustment, depending on how large the
difference6 deviate from ~3 deg C. The correlated math model is
then used to make the final temperature prediction6 for the
various mission phases. including prelaunch, ascent, and
on-orbit.

The thermal margins are then based on these final
temperature predictions. If these passive margin6 are less than
11 deg C or its equivalent for active systems, then either a
design change or a waiver to MIL-STD-1540B is required. A6
noted in Paragraph 3.25 of MIL-STD-1540B. the 11 deg C passive
thermal margin or its equivalent for an active system, is
applied to the final orbital tetiperature  predictions made by the
correlated model. This implies, a6 stated in MIL-STD-1540B
(Paragraph 3.25). that even larger thermal margin6 (passive or
active) are required at the beginning of a program in order  to
account  for  des ign  changes  tha t  a lmost  inevi tab ly  occur  dur ing
the  evolu t ion  of a  p r o g r a m . This is a cost-effective means of
avoiding costly design change6 late in the program.

8.8 SPACE VEHICLE THERMAL CYCLING TESTS

8.e.l T h e r m a l  Cvclina Qualification Test

8 . 8 . 1 . 1  S t a n d a r d  C r i t e r i a . Content6 of Paragraph 6.2.9
of MIL-STD-1540B (requirement6 for space vehicle thermal cycling
qua l i f i ca t ion  tests)  are a6 fo l lows: -_

6.2.9 Thermal cucling Test, Space Vehfcle QualIfIcatfon

6.2.9.1 Purpose. This test demonsrrates the abflfty
of the space vehicle to wlthstand the thermal stressfng
environment of the space vehicle thermal cycling
acceptance test (7.1.8) plus a design margin.

6.2.9.2 Test DescriDtion. The space vehicle shall be
placed in a thermal chamber at as&lent pressure, and a
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functional test shall be performed to assure readiness for
the test. The space vehicle shall be operated and monitored
during the entire test, except that space vehicle power may
be turned off if necessary to reach stabf lfzation at the
cold temperature. Space vehicle operation shall be
asynchronous with the temperature cycling, and redundant
circuits shall be operated with approximately equal time on
each redundant circuit. Unfavorable combinations of
temperature and humidity shall be avoided so there is no
moisture deposition either on the exterior surfaces of the
space vehicle or inside spaces where the humidity is slow to
diffuse, e.g., multilayer insulation and enclosed electronic
equipment. Uhen the relative humidity of the inside spaces
of the space vehicle is below the value at which the cold
test temperature would cause condensation, the temperature
cycling shall begin. One complete temperature cycle is a
period beginning at ambient temperature then cycling to one
temperature extreme and stabilizing, then to the other
temperature extreme and stabilizing, and then returning to
ambient temperature. Strategically placed temperature
monitors installed on components shall assure attainment and
stabilization of the temperature extremes at several
components. Auxiliary heating and cooling may be employed
for selected temperature-sensitive components, e.g.,
batteries . If it is necessary to achieve the temperature
rate of change, parts of the space vehicle such as solar
panels and passive thermal equipment may be removed for the
test. The last temperature cycle shall be a soak cycle
during which the space vehicle shall remain at each
temperature extrenx?  while a functional test, including
testing of redundant circuits, is conducted.

6.2.9.3 Test Levels and Duration. The space vehicle
temperature.range from hot to cold shall be the maximum
possible within the constraints of the component design
temperatures. The minimum space vehicle temperature range
should be 70 deg C. Auxiliary hea tinq and cooling may be
used to protect selected temperature sensitive components.
The average rate of change of temperature from one extreme
to the other shall be as rapid as possible. The test shall
include 25 percent more thermal cycles than the thermal
cycling acceptance test (7.1.8).

8.8.1.2 pationale for Thermal Cvclina Qualification Test.
The objective of the vehicle level qualification thermal cycling
test is to verify satisfactory functional performance of the
vehicle when it is exposed to design level temperature
extremes. An examination of failures found during space vehicle
thermal vacuum testing indicates that the vacuum-related
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failures and verification of the thermal control system occur
early, and the later failures are probably due to temperature
cycling. There is also a large set of data from thermal cycling
tests at lower assembly levels, which suggests that a space
vehicle thermal cycling test is a very effective test for
surfacing latent defects. Thermal cycling test6 are much less
costly than thermal vacuum tests and are believed to be more
revealing of thermal problem6 in most components than thermal
vacuum tests. Thermal cycling tests may therefore be used to
reduce the number of thermal vacuum testing cycles required
during acceptance and thereby achieve a total test program that
i6 more revealing and may be le66 Costly. During thermal
Cycling test6 Of the vehicle, temperatures of individual
component6 must not be allowed to exceed their component
qualification levels. If component failure6 or anomalies occur
during this vehicle level test, thermal data are needed to aid
failure analysis and to determine whether performance and
material degradation due to environment exposure is within
acceptable limits.

8.8.1.3 Guidance for Use of Thermal Cvclina Qualification
Test: The vehicle level qualification thermal cycling test is
reau ired if a vehicle level acceptance thermal cycling test is
required. The qualification thermal cycling test adds 25
percent more thermal cycles and a 10 deg C margin to the thermal
cycling acceptance test for a total of 50 cycles over a 70 deg C
range. Full qualification level thermal vacuum testing is still
required. The retention of full qualification level thermal
vacuum test6 i6 necessary because the reduction Of acceptance
thermal vacuum testing cycles depend6 on the confidence obtained
from the qualification thermal vacuum test. The acceptance test
cycle reduction is based on the premise that the vacuum-related
failures will all surface during the first temperature cycle of
the acceptance thermal vacuum test, and that the temperature-
related failures will all have been identified in the preceding
thermal cycling test. The space vehicle qualification test
program is intended to verify these premises. Also, the space
vehicle qualification thermal vacuum test demonstrates the
ability of the space vehicle to meet design requirements in the
thermal vacuum environment. Thus, there is no reduction of the
temperature cycles during the space vehicle qualification
thermal vacuum test.

The quantity of instrumentation required for the space
vehicle thermal cycling test6 may vary widely from program to
program depending on the size, complexity, and thermal
sensitivity of vehicle equipment. Sufficient thermal data
should be obtained such that every component may be evaluated. _
In general, the thermal instrumentation required is the same a6
for a thermal vacuum test (see Paragraph 8.6).
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8.8.2 Thermal C~clins ACCeDtanCe Test -

8.8.2.1 Standard Criteria. Contents of Paragraph 7.1.8
of HIL-STD-154OB (requirements for space vehicle thermal cycling
acceptance tests) are as follows:

7.1;8 Thermal Cuclina Test, Space Vehicle Acceptance

7.1.8.1 Purpose. This test detects material, process, and
uorhnanship  defects by subfecting.the space vehicle to a
thermal cycling environment.

7.1.8.2 Test Description. Same as 6.2.9.2.

7.1.8.3 Test Levels and Duration. The space vehicle
temperature range from hot to cold shall be the maximum
possible within the constraints of the components acceptance
temperatures. The minimum space vehicle temperature range
shall be 50 deg C. auxiliary heating and cooling may be used
to protect selected temperature sensitive components. The
average rate of change of temperature from one extreme to the
other shall be as rapid as possible. Operating time should be
divided approximately equally between redundant circuits. The
minfnrun,  number of thermal cycles shall normally be 40.

7.1.8.4 Supplementaru  Reuuirements. If this test is
implemented, only one thermal cycle is required in the thermal
vacuum acceptance test specified in 7.1.7. Consideration
should be given to conducting this test where considerable
disassembly for rework of components has occurred or if
maximum confidence in the system is required.

8.8.2.2 Rationale for Thermal Cvclina ACCeDtanCe Test.
All available data point to the high effectiveness of this test
to surface defects. An examination of failures found during
space vehicle thermal vacuum testing indicates that the vacuum-
related failures and verification of the thermal control system
occur early, and the later failures are probably due to
temperature cycling. Thus, the space vehicle thermal vacuum
test may be reduced to one temperature cycle if the space
vehicle thermal cycling test option is also selected. This
combination of two tests is believed to be more effective than
only a thermal vacuum test for four temperature cycles. There
also is a large set of data from thermal cycling tests at lower
assembly levels which suggests that a space vehicle thermal
cycling test is a very effective test for surfacing defects.

The stress test aspects of the acceptance thermal cycling
tests have been found to be an important contribution to
6UCCeSSfUl orbiting vehicles. Past programs have shown a
correlation between more ground testing and less failures on
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orbit. However, the reduction of acceptance thermal vacuum
testing cycles depend6 on the confidence obtained from the
qualification thermal vacuum test. The acceptance test cycle
reduction is based on the premise that the vacuum-related failures
will all surface during the first temperature cycle of the
acceptance thermal vacuum test, and that the temperature- related
failure6 will all have been identified in the preceding thermal
cycling test. The space vehicle qualification test program is
intended to verify these premises.

8.8.2.3 Guidance for Use of Thermal Cvclina ACCeDtanCe
Test. The data available from thermal cycling space vehicle6
indicated that the test effectiveness is relatively insensitive to
the temperature rate of change, at least for the range of values
that might be achievable for a space vehicle. In the interest of
minimizing testing time and Cost, the temperature change should be
a6 fast a6 practical. Experience has 6hOWn that a complete
temperature cycle can be achieved in less than eight hours.
Analysis of the test results also indicates that the effectiveness
of the thermal cycling test is a function of both the number of
cycles and the range of temperature, and that the number of cycles
is the more important parameter. BeCaUSe of the limited data from
space vehicle tests, it is not appropriate to specify the number
of cycles for different temperature ranges. Instead, a single
temperature range of 50 deg C was Specified, which appear6 to be a
representative value for many space vehicles. At this temperature
range, the calculated test-effectiveness curve begin6 to flatten
at about 40 cycles. FOK vehicles that can be tested at different
temperature ranges, the number of cycles can be tailored.

It is believed that the stress which precipitate6 defect6
into failures during the thermal cycling test is mainly mechanical
motion resulting from differential expansion and contraction of
materials. This is Supported by the type6 of failure6 which are
identified during thermal cycling tests. These include broken
wires, cold or broken solder joints, changes of adjustments, and
60 forth. Some failures may only be manifest at the temperature
extremes and not at other points in the temperature cycle. As a n
example, a broken solder joint may be making contact at ambient
temperatures and may open at a temperature extreme. In OKdeK to
detect such failures, the last temperature cycle contains
temperature Soak periods, with a functional test conducted at each
temperature Soak extreme.

The quantity of instrumentation KeqUiKed for the space
vehicle thermal cycling tests may vary widely from program to
program depending on the size, complexity, and thermal sensitivity
of vehicle equipment. Sufficient thermal data should be obtained
such that every component may be evaluated. In general, the
thermal instrumentation  KeqUiKed i6 the same a6 fOK a thermal
vacuum test (see Paragraph 8.6).
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The space vehicle thermal cycling test is relatively new.
Therefore, more data should become available on the relationship --
among test effectiveness, number of cycles, and temperature range
as more programs elect this option. The tradeoff between cycles
and temperature ‘range may be clarified by further experience.

8.9 STRUCTURAL LOAD TEST

8.9 .1  Standard Cri ter ia . Content6 of Paragraph 6.3.1 of
MIL-STD-154OB (requirements for structural static load test,
subsystem qualification) are as follows:

6.3.1 Structural Static Load Test, Subsustem Bualification

6.3.1.1  Purvose. This test demonstrates the adequacy of the
structure to meet requirements of strength or stiffness, or
both, with the desired design margin when subjected to
simulated critical environments, such as temperature and
loads, predicted to occur during its service life.

6.3.1.2 Test Descrintion. The structural configuration,
materials, and manufacturing processes employed in the
qualiffcat$on test specimens shall be identical to those of
flight articles. When structural items are rebuilt or
reinforced to meet specific strength or rigf dfty
requirements, a11 modifications shall be structurally
identical to the changes incorporated in flight articles.
The support and load application fixture shall consist of an
adequate replication of the adjacent structural section to
provide boundary conditions uhich simulate those existing in
the flight article. Static loads representing the design
limit load and the design ultimate load (see 3.46) shall be
applied to the structure, and measurements of the strain and
deformation shall be recorded. Strain and deformation shall
be measured before loading, after removal of the limit loads,
and at several intermediate levels up to limit load for
post-test diagnostic purposes. The test conditions shall
include the combined effects of acceleration, pressure,
preloads, and temperature. These effects can be simulated in
the test conditions as long as the failure modes and design
margins are enveloped by the simulations. For example,
temperature effects, such as material degradation and
additive thermal stresses, can often be aCCOun ted for by
increasing mQchanica1 loads. Analysis of flight profiles
shall be used to determine the proper sequencing or
simultaneity for application of the-1 stresses. When prior
loading histories affect the structural adequacy of the test
article, these shall be included in the test requirements.
If more than one ultimate load condition is to be applied to
the same test specimen, a method of sequential load
application shall be developed by which each condition may,
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in turn, be tested to progressively higher load revels. The
final test may be taken to failure to substantiate the
capability to accommodate internal load redistribution, to
provide data for any subsequent design modification effort,
and to provide data for use in any weight reduction
programs. Failures at limit load shall include material
yielding or deflection which degrade mission performance and
at ultimate load shall include rupture or collapse.

6.3.1.3 Test Levels and Duration

a. Static Loads. The loads, other than internal
pressure in pressure vessels, shall be increased
until failure occurs or until the specified test
loads are reached.

b. Temperature. Critical flight temperature-load
combina &ions shall be used to de &ermine  the
expected worst case stress anticipated in flight.

C . Duration of Loadinq. Loads shall be applied as
closely as possible to actual flight loading times,
with a minimum dwell time sufficient to record test
data such as stress, strain, deformation, and
temperature.

6.3.1.4 Sunplementaru Requirements. Pretest analysis shall
be conducted to identify the locations of minimum design
margins and associated failure modes which correspond to the
selected critical test load conditions. This analysis shall
be used to locate instrumentation, to determine the sequence
of loading conditions, and to afford early indications of
anomalous occurrences during the test. This analysis shall
also form the basis for judging the adequacy of the test
loads. Internal loads resulting from the limit test
condi &Ions shall envelop all critical internal loads expected
in flight; however, excessive internal loads peculiar to the
test shall be avoided. In cases where a load or other
environment has a relieving effect, the minimum, rather than
the maximum, expected value shall be used in defining limit
test loading conditions. In some instances, where only a
small number of flight vehicles have been included in the
program, the cost of a dedicated test article may represent
an unacceptably high percentage of the program cost. In such
cases, the failure test would not be conducted, and it would
be necessary to subject flight hardware to test loads prior
to flight. In this event, special precautions shall be taken
to ensure that the structure can stfll withstand Its
predicted flight environment after it has been subjected to
the test loads. Such precautions shall include at least the
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special design requirement that no permanent deformation
detrimental to .mission performance shall occur and the
inspection requ'irement  that sufficient nondestructive testing
be conducted after the test to ensure the integrdty of the
structure. Alternatively, each flight vehicle shall be
proof-tested; proof levels may be less than ultimate levels
but shall exceed limit levels. In this cake, the vehicle
shall be designed to withstand the proof levels without
permanent deformation detrimental to mission performance, and
a thorough post-test inspection of each flight vehicle shall
be conducted to ensure the integrity of the structure.

8.9.2 Rationale for Reauirements. These test requirements
are intended to demonstrate the adequacy of the structural
Strength and stiffness of the space vehicle.

8.9.3 Guidance for Use of Reauirements. Expanded guidance
is provided for the situation in which dedicated test articles
are not provided, and flight hardware is subjected to test
loads. Table VII shows successful past examples of methods used
to obtain static load qualification of flight structures.

TARLZ VII. Flight Use of Static Load Qualification
Test Equipment.

Program Detail6 of Static Load Qualification Test

A Components from the development test model were subsequentl!
used a.6 flight hardware. Decision was made after post-test
examination revealed that hardware had been tested well
below yield strength.

B After proof loading, vehicle was put through detailed
refurbishment program and retested. Some minor rework was
necessary to bring it up to flight configuration. Test
article was used succcsafully a6 Second flight article.
Practice is to be continued in this program.

C Refurbished test article (centerbody) is intended for use a!
third flight article and ha6 been declared flightworthy.
Article was tested to ultimate with no detectable yielding.

D Support structure was dedicated qualification test article
(not flown). Some reduced level qualification test
experiment module6 were successfully flown.
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Selection of specific options should be made on the basis of
program-unique  needs. Increased design levels may be used to
reduce program risks for either the flight-test or ground-test
phase of the program, with attendant weight penalties.

If an option permitting flight use of qualification hardware
is selected, it is imperative that it be understood and accepted
at program start. Understanding and early planning are essential
to the successful flight use of a prototype satellite.

The factor6 given in Table VIII are minimum factors of
safety to be used in conjunction with sound design practice6 and
thorough analytical and test verifications of the design. These
verification6 include fully coupled dynamic load analysis by
means of structural-dynamics modeling and modal test surveys;
detailed stress analyses to show positive margins of safety; use
of proven materials with well-characterized allOWable6; and
adequate development and qualification test programs. Table VIII
also 6hOW6 the design and test option6 that are recommended for
use with Structural SUbSyStemS. In addition, these factor6 are
to be Used in conjunction with the following:

a. Industry standard manufacturing and inspection
procedure6 that satisfy prevailing military
standard6 and specifications

b. Additional factor6 to account for uncertainty in
dynamically induced loads

C . Thorough monitoring of design, development,
analysis, and testing

Option 2 in Table VIII qualifies a small fleet by means of a
static test to 125 percent of limit load, with the condition that
no detrimental deformation occur6 during the test. This
condition may require additional test instrumentation, at
carefully Chosen location6 on critical structural elements, and
careful post-test inspection. No demonstration of ultimate
load-carrying capability is provided. However, the combination
of a test to 125 percent of limit load, coupled with an ultimate
design factor of safety equal to 1.4 (minimum), provide6
assurance of structural integrity equivalent to those of the
other options.

The factors of safety given in Table VIII are for general
structure and do not include factors of safety for pressure
Condition6 (e.g., for pressure vessels or for hydraulic and
pneumatic systems), for thermal load conditions, nor for special
structures 6UCh a6 bearings, journals, or glass windows.
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Table VIII. Structural Design and Test Options. (Continued)

NOTES:

a/ Factor6 of safety 6hOWn here are minimum Value6 for
general structure. They apply to limit internal loads,
6tre66e6, or strains, resulting from mechanically induced
load6 (except pressure) which occur during Various mission
phases. Yield factors of safety larger than shown herein
may be Used to reduce risk of detrimental deformation6
during test. Ultimate factors of safety for manned or
unmanned flight6 should be selected individually for each
loading condition. Factor6 of safety for pressure and
thermal loading Condition6 also apply when pertinent.

b/ Test level factor = factor multiplying limit load. The
limit load is discussed in Paragraph 5.2 of this document.

c/ Option 1 is used for programs having a fleet of
weight-critical flight articles and is the conventionally
accepted practice. Option 2 may be used for program6
having a small fleet with costly but not weight-critical
Structural SUbSyStemS. Option 3 is applicable to programs
having one or at most a few weight-critical flight
articles.

a/ A failure is any rupture, collapse, seizure, excessive
wear, excessive deformation, or any other phenomenon which
prevents any portion of the vehicle structure from
sustaining the specified test load6 and temperatures.

e/ Detrimental Deformation = Either elastic or inelastic
deformation resulting from the application of test load6
and temperature which prevent6 any portion of the vehicle
structure from performing its intended function, or which
prevents the unloaded structure from keeping its original
dimension6 and alignment within specified manufacturing
and assembling tolerances.

g/ A minimum margin of Safety equal to 0.15 should be Used
for instability failure mode6 when Option 2 is Used.

sf/ For existing structures to be Used in new missions, the
design and test Verification of either existing design6 or
off-the-shelf structures should conform to one of the
design and test option6 given above for the new-mission
loads. Reinforcing and partial or local redesign of
existing structures are acceptable to upgrade the
load-carrying capability of the original design.
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Utilization of qualification test hardware for flight
generally leads to overdesign. Therefore, consideration should
be given to using a dedicated structural qualification subsystem
only. with smaller payload items being qualified by Options 2 o r
3, Table VIII. Program D (see Table VII) was a case of such a
combination of qualification strategies. In that instance, a
large support structure was a dedicated qualification test item
(not flown). The smaller experimental packages (which were
qualifications and flight articles) were qualified by Options 2
and 3 and, in one particular case, by a combination of these two
options.
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SECTION 9

COMPONENT LEVEL TESTS

9.1 COMPONENT TEST BASELINES

9.1.1 Standard Criteria. Content6 of Paragraph6 6.4 and
7.3 of MIL-STD-154OB  (requirement6 for component qualification
and acceptance tests) are a6 follows:

6.4 COhPONENT QUALIFICATION TESTS

The space vehicle component qualificatfon test
baseline consists of all the required tests specified In
Table II. The test baselfne shall be tailored for each
program, giving consideration to both the required and
optional tests; however, deviations from the baseline of
required tests shall be approved by the contracting
officer. Each component that Is acceptance tested as a
component shall undergo comparable qualification tests as
a component. Component qualification tests shall normally
be accomplished entirely at the component level. However,
In certain circumstances, required component qualification
tests may be conducted partially or entirely at the
subsystem or space vehicle levels of assembly. Tests of
components such as interconnect tubing, radio frequency
circuits, and wiring harnesses are examples where at least
some of the tests can usually be accomplished at higher
levels of assembly.

where components fall into two or more categories of
Table II, the required tests specified for each category

shall be applied. For example, a star sensor may be
considered to fit both "Electronic Eqtipment" and "Optical
Equipment" categories. In thfs example, a thermal cycling
test would be conducted since It is required for
electronic equipment, even though there is no requirement
for thermal cycling optics. Similarly, an electric
motor-driven actuator fits both 'Electrical Eqtipment"  and
"Moving Hechanfcal  Assembly" categorfes. The former makes
thermal cycling a required test, even though this test 3s
optional for the moving mechankal  assembly category.

7.3 CObU'ONEN!!' ACCEPTANCE TBSTS

The space vehicle component acceptance test baseline
consists of all the required tests specified in Table IV.
The test baseline shall be tailored for each program,
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giving consfderatf on to both the required and optional
tests; however, deviations from the baseline of required
tests shall be approved by the contracting officer.
Component acceptance tests shall normally be accomplished
entire1 y at the component level . However, in certain
circumstances, the requJred component acceptance tests may
be conducted partially or entirely at the subsystem or
space vehicle levels of assembly. Acceptance tests of
components such as interconnect tublng, radio frequency
circuits, and wiring harnesses are examples where at least
some of the tests can usual1  y be accomplished at higher
levels of assembly.

-

lJhere  components fall Into two or more categories of
Table TY, the required tests specified for each category
shall be applied. For example, a star sensor may be
considered to fit both *Electronic Bqtipment”  and “Optical
Equipment” categories . In this example, a thermal cycling
test would be conducted since It Is required for
electronic equipment, even though there is no requirement
for thermal cycling optics. Similarly,  an electric
motor-driven actuator fits both “Electrical Equipment” and
“Having Mechanical Assembly” categories. The former makes
therma  cycling a required test, even though this test 1 s
optional for the moving mechanical assembly category.

9.1.2 Rationale for Component Test Baseline Requirements.
Environmental qualification tests are a formal demonstration
that a production component .(or prototype) is adequate to
successfully sustain specified environmental design levels.
These tests are mainly performed to determine if there are
factors that may have been overlooked during design, analysis,
or manufacturing. Additionally, the environments used during
these tests are the design levels that are more severe than
those predicted to occur during flight in order to account for
variabilities in subsequent production articles and other
uncertainties. Qualification test requirements, therefore,
incorporate margins which are added to the range of
environmental extremes and stresses expected to occur in
service. These design environmental levels are typically based
upon the maximum and minimum predicted environmental levels for
an item during its operational life plus the appropriate
environmental design margin. The maximum expected extremes of
the operational environments are defined in Paragraphs 3.8 and
3.9 of MIL-STD-1540B. For example, the Standard operating
thermal range for components of -24 deg C to +61 deg C is
usually used when the maximum predicted operating range is less
severe. The environmental design margins specified are
primarily intended to incorporate the allowable test condition
tolerances and to accommodate any differences among production

108



MIL-HDBK-340  (USAF)
01 JULY 1985

units. The environmental design margins are also intended to
assure qualification test levels that are more severe than the
maximum operating ranges that can occur in flight and help
assure against performance degradation and fatigue failures due
to repeated acceptance testing and operational use. For
example, the 10 deg C environmental design margins specified in
MIL-STD-1540B make the standard thermal design range for
components from -34 deg C to +71 deg C. This standard design
range for space components is similar to that used for aircraft
subsystems and therefore should not impose unusual design
problems in most cases. In addition, this standard design range
encourages the development of standard modules, provides a very
revealing test screen for defective components, allows
components to be moved to other locations on a spacecraft
without affecting qualification, and may allow the use of a
qualified component on other spacecraft without requalification.

Before qualification testing, the space components should
have been subjected to the same controls, inspections,
alignments, and tests imposed on flight components. This
includes completion of the environmental acceptance tests.

Environmental acceptance test6 are conducted on space
Component6 t0 demonstrate flightWOrthineSS  and t0 diSClOSe
quality deficiencies in the flight article. Acceptance tests
are intended to satisfy these goal6 by subjecting the space
component to the maximum environmental exposures expected in
service. The test program is comprised of a series of tests:
some are required tests, while other6 are optional.

The suggested test sequences require functional tests
before and after each environmental test. Additionally, certain
functional tests are required to be performed during some of the
environmental tests. The sequencing is based on a combination
of the order in which the environments are encountered during
flight and the desire to perceive defects as early in the test
sequence as possible. The categorization of tests into
18requiredtN and 810ptionalW was guided by the sensitivity of the
type of component to the specific environment and by the
probability of encountering the environment. As an example,
leak tests are required only on sealed or pressurized equipment,
since such equipment is sensitive to loss of pressure, vacuum,
or purge mechanism.

9.1.3 Guidance for Use of ComDonent Test Baseline
Reauirements. The Sequencing and Categorization of the tests
should be tailored to each specific component for each program.
This tailoring should consider both increasing and decreasing
the severity of the tests. For example, while random vibration
tests for electronic component6 are normally more revealing than
acceleration tests, some electronic components may require both
types of tests.
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The humidity qualification test is designated as optional
for all components; however, if components are not fully
environmentally protected on the ground, such tests should
become mandatory. This is also the case for such tests as
fungus, sand, dust, salt spray, explosion-proofing, and
radiation which are not specified in MIL-STD-1540B. but each
should become mandatory when there are requirements.

Component qualification life tests are optional. These
tests should be applied to selected components where an
evaluation of component reliability has determined that such
tests are necessary to convey confidence that components have
the capability to withstand the maximum duration or cycles of
operation without fatigue or wearout failures.

The mechanical and electrical functional tests are
extremely important elements in the test baselines. The
functional tests are conducted prior to and after each of the
environmental tests. They should be designed to verify that
performance of the components meets the specification
requirements, that the components are compatible with ground
support equipment, and that all software used is validated. The
electrical functional tests should apply electrical inputs of
interfaces including redundant circuits and measure the
component performance. The mechanical functional tests should
apply mechanical inputs including torques, loads, and motions,
and should measure performance. The electrical and mechanical
inputs should be varied through their specification ranges to .--
verify the component performance throughout the range. In
addition, the electrical functional tests should include
negative logic testing to verify lockout, to assure that no
function other than the intended function was performed, and to
verify that the signal was not present other than when
programmed. To the extent practicable, the functional tests
should also be designed so that a data base of critical
parameters can be established for trend analysis. This is
accomplished by measuring the same critical parameters in all o f
the functional tests conducted before, during, and after each of
the baseline environmental tests,

It is extremely important that functional tests be
conducted bef or-e and. after each environmentaI%e’st  . Thes-e
functional tests provide the criteria for judging successful
survival of the space component in a given test environment. It
is also important to perform functional tests of the component
while the environment is being imposed, if the component is
expected to be fully operational under that environment. Uany
defects, which otherwise escape detection by pre- and post-test
functional checks, reveal themselves during environmental
tes ts . For example, intermittents may be caused by foreign
bodies, contaminants, inadequate clearances, cracks, debonds.
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and damaged connectors that might only be revealed during
environmental tests. Therefore, regardless of the functional
mode of the component during launch and ascent, the component
should be functionally operated and monitored during dynamic as
well as thermal tests to increase overall test effectiveness.
Practical limitations frequently restrict the extent of
operation of the component during the relatively brief acoustic
or vibration tests. In recognizing this problem, MIL-STD-154OB
permits extended functional testing with the component operating
and monitored, but conducted at a level 6 dB lower than the
required test level, after the required environmental exposure
has been satisfied.

Tables IX through XIV summarize important parameters of
component environmental baseline tests. They are useful as a
concise reference to major test requirements and for comparing
qualification to acceptance test requirements.

TABLE IX. Thermal Vacuum Test--Component Qualification
and Acceptance Test Parameters.

Thermal Vacuum
Test Parameters

Temperature Range
(Dif ferential )

Qualification
- Para. 6 . 4 . 2

Acceptance
- Para. 7 . 3 . 2

Temperature
Extremes

Min. predicted with
-1OOC environmental
design margin, to at least -24OC to
maximum predicted

with the +lO°C

of at least

Dwell 12-hour minimum at b2-hour minimum at
extremes

Pressure Torr or less Torr or l e s s
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TABLE X. Thermal Cycling Test --Component Qualification
and Acceptance Test Parameters.

Thermal Cycling Test Qualification Acceptance
Parameter6 - Para. 6 . 4 . 3 - Para. 7 . 3 . 3

Temperature Range
(d i f f erent ia l )

105OC  min. 85OC min.

Temperature Extreme6 Min. predicted with Min. predicted
-1OOC environmental to max. predicted,
design margin, to or at least -24OC
maximum predicted to +61°C
p l u s  t h e  +lO°C
environmental
design margin, or
at least -34OC to
+71oc

Number of Cycle6 3X acceptance
(24 cycle6 min.)

8 cycle6 minimum

Dwell l-hour minimum at l-hour minimum at
temp. extreme6 temp. extreme6
(each cycle) (each cycle)

Y
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TABLE XI. Pyrotechnic Shock Test --Component Qualification
and Acceptance Test Parameters.

Pyrotechnic Shock Pyto shock Pyro shock screen-
Test Parameters quali f ication ing acceptance

- Para. 6 . 4 . 7 - Para. 7 . 3 . 6

Shock Level Minimum level equal Maximum
maximum predicted predicted
environment plus environment
6 dB environmental
design margin

Number of Shocks Number required in One shock in each
each direction of direction of e a c h
each of 3 axes to of 3 axes
meet amplitude (6 shocks)
criteria 3 times
(18 shocks)

Shock Duration Greater of 20 msec Not specified in
or flight shock Para. 7.3.6
duration

Vibration Level Not applicable - Min. of 4.5 grms o r
no vibration in 3 dB below accept-
Para. 6.4.7 ante vibration

test level

Vibration Duration Not applicable - 5 minutes dwell
no vibration in plus lo-second
Para. 6 . 4 . 7 bursts (minimum of-_ -: r--_ 20 bursts)  for  eich

of 3 axes
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TABLE XI I . Random Vibration Test --Component Qualification
and Acceptance Test Parameters.

Random Vibration Qualification Acceptance
Test Parameter6 - Para. 6 . 4 . 5 - Para. 7 . 3 . 4

Vibration Leve-1 Spectrum for maximum Kin. of spectrum
predicted environment for max. predicted
plus environmental environment, and
design margin of 6 dB, minimum of 6 grms
and minimum of 12 grms overall for weight
overall for weight of 50 lb max.
of 50 lb max.

Test Duration Greater of 3 times ex- Minimum of expectei
petted flight exposure flight exposure
time per axis or 3 X time, and minimum
accept. test duration of one minute per

per axis, and min. of axis
3:-minutes  p e r  a x i s

Tolerances .+ 1.5 dB o v e r a l l + 1.5 dB overal l
2 3.0 dB for 2 3.0 dB f o r

500-2000 Hz 500-2000 Hz

Table XIII. Acoustic Test--Component Qualification
and Acceptance Test Parameters.

A c o u s t i c  Test: QualiEi.cation Acceptance
Parameters - Para.. 6 . 4 . 6 - Para. 7 . 3 . 5

Sound
Pressure
Level

Greater of: maximum
predicted environment c
environmental design

margi-n crf 6. dB, o r
1.44 dB overall

Greater of:
maximum predicted
environment,
or 138 dB
overall

Test Duration Greater 0.f: 3  times- Gr.eater o f :
expected  f l ight expected flight

exposure bime. ar exposure time, o r
3X acceptance test l-minute minimum

duration.. OK 3 -
minutes. minimum
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TABLE XIV. Burn-in Test --Component Qualification
and Acceptance Test Parameters.

Burn-in Test
Parameters

Temperature Range
(differential)

Qualification Acceptance
- Para. 7.3.9

Temperature Extremes
max. predicted or
at least -24OC to

Number of
Temperature Cycles

18 cycles min.
MIL-STD-1540B including thermal

cycling test cycles

Total Operating Time 300 hour minimum
qualified shall including thermal
have completed cycling time
the acceptance (or 100 cycles min.

for cycle-sensitive

Dwell 1 hour minimum at
temperature extremes

9.2 COMPONENT PRESSURE TESTS

9.2.1 Standard Criteria. Contents of Paragraphs 6.4.10
and 7.3.7 of MIL-STD-1540B (requirement6 for component
qualification and acceptance pressure tests) are as follows:

6.4.10 PRESSURE TEST. COKPONENT OUALIl?EATION

6.4.10.1  PURPOSE. This tesr demonstrates that the design
and fabrication of such items as pressure vessels,
pressure lines, ffttfngs, and valves provide an adequate
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margin such that structural failure or excessive deformation
does not occur at the maximum expected operating pressure.

6.4.10.2 TEST DESCRIPTION

a. Proof Pressure. For such items as pressure
vessels, pressure lines, and fittings, the
temperature of the component shall be consis tent
with the critical use temperature-and subjected to
a minimum of one cycle of proof pressure. A proof
pressure cycle shall consist of raising the
internal pressure (hydrostatically or
pneumatically, as applicable) to the proof
pressure, maintaining it for 5 minutes, and then
decreasing the pressure to zero. Evidence of
permanent set or distortion that exceeds 0.2
percent or failure of any kind shall indAcate
failure to pass the test.

b. Proof Pressure for Valves. with the valve in the
open and closed positions (if applicable), the
proof pressure shall be applied for a minimum of
three cycles to the inlet port for 5 minutes
(hydrostatically or pneumatically, as applicable).
Pollowing the S-minute pressurization period, the
inlet pressure shall be reduced to ambi$nt
conditions. The exterior of the unit shall be
visually examined. Evidence of deformation that
exceeds 0.2 percent or any failure shall indicate
failure to pass the test. The test may be
conducted at room ambient temperature.

C . Burst Pressure (see 3.4). For such items as
pressure vessels, pressure lines, and fittings, the
temperature of the component shall be consistent
with the dritical use temperature, and the
component shall be pressurized (hydrostatically or
pneumatically, as applicable and safe) to design
burst pressure or greater. The internal pressure
shall be applied at a uniform rate such that
stresses are not imposed due to shock loading.

d. Burst Pressure for Valves. With the valve in the
open or closed position, as applicable, the design
burst pressure shall be applied to the inlet port
for 5 minutes (hydrostatically or pneumatically, as
applicable). Following the Sminute pressurization
period, the inlet pressure shall be reduced to
ambient conditions. The exterior of the unit shall
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6.4.10.3

a.

b.

C .

6.4.10.4

be visually examined for indications of deformation
or failure. The test may be conducted at room
ambient temperature.

TEST LEVELS

Temperature. As specified In the test
description. As an al ternatfve, tests may be
conducted at amblent room temperatures lf the test
pressures are suftably adjusted to account for
temperature effects 0; strength and fracture
Foughness.

Proof Pressure. Unless otherwise specified,
proof pressure equals 1.5 times the maximuar
operating pressure.

Burst Pressure. Unless otherwlse specified,
burst pressure equals two times the maximum
operatlng pressure.

the

the

SUPPLEMENTARY REQUIREHEh'TS. The component shall_ _ ALL a- _ .withstand proor pressure wlthout leakage or dewimencal
def orma tf on. Applicable safety standards shall be followed
.ln conducting all tests.

7.3.7 Pressure Test, Component Acceptance

7.3.7.1 Purpose. This test detects material and workmanship
defects which could result in failure of the pressure vessel
or valves in usage.

7.3.7.2 Test Description. This test Is the same as
described in 6.4.10.2a and b, except that only one cycle
shall be required, and test at elevated temperature is
optional.

7.3.7.3 Test'Levels. Same as 6.4.10.3.

7.3.7.4 Supplementaru Requirements. Applfcable safety
standards shall be followed in conducting all tests.

9.2.2 Rationale for Pressure Test Reauirement. The
proof and burst pressure tests described in Paragraph 6.4.10 of
MIL-STD-1540B are parts of the structural integrity verification
program for all pressure vessels required by MIL-STD-1522. All
pressure vessels, other than pressure vessels designed,
fabricated, inspected, and tested in accordance with the ASMR
Boiler and Pressure Vessel Code, are classified as
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fracture-critical component6 and, therefore, come under fracture
control prOCedUre6. The design Of such pressure Vessel6 mu6t
satisfy minimum technical requirement6 for a fracture control
program. These requirement6 include a comprehensive stress
analysis, failure mode prediction based on results of the stress
analysis, demOn6tratiOn of safe-life and fail-safe design, and
implementation of required quality a6surance procedures.
Satisfaction of these requirements, and their integration into a
program of structural design, analysis, and test, a66ure6 the
structural integrity of fracture-critical hardware.

9.2.3 Guidance for Use of Pressure Test Requirements.
Note that the requirement6 di6CU66ed in this section apply to
metallic pressure vessels and structures. Nonmetallic vessels
and structures mu6t have requirement6 established on a
case-by-case basis.

Prior to test program planning, a detailed 6tre66 analysis
of the structure is conducted under the assumption of no
crack-like flaws in the structure. The analysis determine6
6tre66e6 and critical combination6 of stresses resulting from
loads, pressures, and temperature6 associated with the expected
operating environments. The results of the stress analysis
determine potential failure mode6 of the structure. These are
either ductile fracture or brittle fracture modes. Required
test levels depend upon potential failure modes.

Pressure vessels and pressurized structure6 expected to
fail in a ductile fracture mode may be conventionally designed.
Such design uses design factors of safety and test factor6
selected on the basis Of 6UCCe66fUl past experience or specified
by codes, specifications, and standards (e.g., MIL-STD-1522).
Typical design and test factor6 applied to these pressurized
components are given in Table XV.

Pressure vessels and pressurized structure6 expected to
fail in a brittle fracture mode are designed by a safe-life
design method based on linear elastic fracture mechanics. This
method establishes the a-ppropriate design factor of safety and
the associated proof factor. The proof pressure is calculated
as the product of the limit pres6ure. proof factor, and a factor
corresponding to the difference6 in material strength and
fracture properties between test and design environments.

Pressure vessels and pressurized structure6 are qualified
by a combination of a proof pressure test (a proof pressure
combined with limit loads test if necessary), a burst pressure
test (burst pressure combined with ultimate loads test if
necessary), and, a6 appropriate, a safe-life test and fail-safe
test. Environmental test6 are performed with the proof and
burst pressure test6 to expose test units to the most severe
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TABLE XV. Design and Test Factors.

Component

Pressure vessels
(tanks other than main
propellant tanks and
solid rocket motor cases)

Main propellant tanks and
solid motor cases

- Manned application

- Unmanned application

Pressurized structures

- Flight loads: Manned

- Flight l oads :  Unmanned

PKe6SUriZed  lines. f i t t i n g s ,
and hoses

- less than 1.5-inch diameter

Accumulators, actuating Cylinders,
p u m p s , regulators, and valves

combination of environments, pressures, and loads. Test
requirements are detailed in MIL-STD-1522.

Structural similarity of the flight hardware and the
qualification test hardware ensures structural integrity of the
flight hardware. In structuring the qualification test program,
the highest practical level of assembly should be used. The
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test fixtures, support structures, and test environments must
not introduce erroneous test conditions. Qualification
instrumentation and instrument locations should be based on the
results of stress analysis. Instrumentation must provide
sufficient data.to ensure proper test conclusions. For
quali f ication, one test article of each pressure vessel design
is proof pressure tested in accordance with Paragraph 6.4.10 of
MIL-STD-1540B without leak or detrimental deformation. It i s
then tested to the burst pressure level as described in
Paragraph 6.4.10 of MIL-STD-1540B. The pressure vessel must
sustain design burst pressure without rupture. The design burst
pressure is calculated as the product of the limit pressure,
burst pressure factor, and a factor corresponding to the
differences in material strength and fracture properties between
test and design temperatures.

Each pressurized component intended for flight must pass
the one-cycle proof pressure test as described in Paragraph
7.3.7 of MIL-STD-1540B before flight.\
9.3 COMPONENT LEAKAGE TESTS

9.3.1 Standard Criteria. Contents of Paragraphs 6.4.11
and 7.3.8 of MIL-STD-1540B (requirements for component
qualification and acceptance leakage tests) are as follows:

6.4.11 Leakaqe Test, Component Qualification

6.4.11,l Purpose. This test demonstrates the capability of
pressurized components to meet the design leakage rate
constraints specified in the component specifications.

6.4.11.2 Test Description and Alternatives. Component leak
checks shall be made prior to initiation of, and following
the completion of, component qualification thermal and
vibration tests. Proof pressure tests per 6.4.10 shall be
successfully completed before conducting leakage tests. The
test method employed shall have sensitivity and accuracy
consistent with the specified maximum allowable leak rate.
One of the following recommended methods shall be used:

a. Biethod I (aross leak test). The component shall be
completely lanersed in a liquid so that the upper
most part of the test item Is 5 + 2.5 cpt (2 + 1
inches) below the surface of the liquid. The
critical side or side of interest of the component
shall be In a horizontal plane facing up. The
liquid, pressurizing gas, and the test item shall
be 23 2 10 deg C (73 2 18 deg F). The gas used for
pressurizing shall be clean and dry with a dewpoint
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of at least -32 deg C (-25 deg F). Any observed
leakage during immersion as evidenced by a
continuous stream of bubbles emanating from the
component indicates a failure of seals.

b. He&hod II (fine leak test). The component shall be
purged with nitrogen and then charged with helium
to the required pressure (as specified in the
component detail speciffcation)  before being
sealed. The component shall then be placed in a
suftable vacuum chamber and tested for hellum
leakage wJth a helium leak detector. The leakage
rate shall be used to determine seal Integrity and
shall not exceed the amount specified in the
detailed component specification. This method is
applicable to tape recorders and similar components.

C. He&hod III (for battery cases or pressurized
comvonen ts). The component shall be pressurized
with dry nitrogen or other appropriate gas to the
specified value. The pressure shall be monltored
by a gage for pressure transducer) for the required
time. The drop in pressure shall not exceed the
permit ted amount as specff ied under the component
specification.

d. He&hod IV (for hermeticallo  sealed alkaline storaqe
bdtteriC?S). The battery shall be cleaned with
alcohol while 1n the discharged state. A suitable
indicator (e.g., dilute solution of phenolphthale1n
or other suitable color change indicator) shall be
applfed to all seams, termfnals,  and pinch tubes
subject to leakage of electrolyte. A change in the
color of the indfcator shall be an indfcatfon of a
leak. After testing, the test solution shall be
removed (e.g., with distilled water).

e. Hethod V (for comnents of pressurized fluid
The components shall be pressurfzed tosustems).
their maximum working pressure In each of the
functional modes. Leakage shall be detected using
an appropriate method 16.2.6.4).  Propulsion system
tanks and thrusters shall also be evacuated to the
internal pressure normally used for propellant
loading and the internal pressure monitored for
indications of leaklng.

6.4.11.3  Test Levels and Duration. The leak tests shall be
perf armed with the component pressurized at the maxfmwn
operating pressure and then at the minimum operating pressure
if the seals are dependent upon pressure for proper sealing.
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The test duration shall be sufficient to detect any
significant leakage. The test levels and duration for the
typical methods of 6.4.11.2 are:

a. Hethod I. The duration of Immersion shall be 60
minutes at each pressure.

b. Method II. The external test pressure shall be
0.133 pascals (0.001 Torr) or less and the duration
of the test shall be 4 hours (for equipmnt that is
operational in orbit for more than one day).

C . Method III. The test pressure is usually less than
343 kilopascals (50 psi). The pressure drop shall
not exceed the specified amount  (typically about
6.9 kilopascals 11 psi) in a 6-hour perdod at room
temperature).

d. Method IV. The test results are visable within
seconds.

e. Method V. The duration of the evacuated propulsion
system component leak test shall not exceed the
tim that this condition is normally experienced
during propellant loading.

6.4.11.4 Supplementaru Requirements. Component leak,tests
are considered adfunctive to the component qualification
environmental tests in that their results are part of the
success crl terfa for these tests.

7.3.8 Leakaqe Test, Component Acceptance

7.3.8.1 Purpose. This test demonstrates the capability of
pressurized components to meet the leakage rate requirements
speclfled in the component specifications.

7.3.8.2 Test Description and Alternatfves. The component
leak checks shall be made before and after exposure to each
environmental acceptance test. The test method emloyed
shall have sensitivity and accuxacy cons&tent wJth the
components specified maximum allowable leak rate. One of the
methods given in 6.4.11.2 shall be used.

7.3.8.3 Test Levels and Duration. Same as 6.4.11.3.

9.3 .2  Rationale  for  LeakacJe  Test Reauirements. The
leakage tests are intended to demonstrate the capability of
pressurized component6 to meet their design leakage rate
constraints .
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9.3.3 Guidance for Use of Leakaae Test Reauirements.
The NASA leakage testing handbook, NASA S-69-1117, provides
detailed guidance for leakage testing Methods II, III, IV, and V
plus a number of other specialized methods, including the use of
radioactive tracers. The leakage test method should be selected
to suit the design and performance requirements of the hardware
item. It should prove that the item can function in its
operational environment within specifications and without
damaging leakage. Each test method listed in Paragraph 6.4.11.2
of MIL-STD-1540B also lists typical hardware to which the method
can be applied.

Method I (gross leak test) describes an immersion leakage
test which is a potentially destructive test. It is s o m e t i m e s
used on small parts where a gross leak in the item might be
missed, due to the small cavity size, if a fine leak test were
the only leak test conducted. Because it is a potentially
deStKUCtiVe  test, Method I is not recommended for space vehicle
components. This method might have applicability for
specialized development tests, qualification tests of some
items, or tests of nonflight hardware.

9.4 COMPONENT LIFE TEST

9.4.1 Standard Criteria. Contents of Paragraph 6.4.13 of
MIL-STD-1540B (requirements for life test, component
qualification) are as follows:

6.4.13 Life Test, Component Qualification

6.4.13.1 Purpose. This test demonstrates the reliability of
the component and Increases confidence that components which
may have a wearout, drift, or fatigue-type failure mode have
the capability to withstand the maximum duration or cycles of
opera tlon to which they are expected to operate during
repeated ground testing and in flight without degradation of
their function outsfde of allowable limits.

6.4.13.2 Test Descrfptfon. One or more coqponents  shall be
set up to operate In conditions that simulate the flight
conditfons to which they would be subjected. These
environmental conditions shall be selected for consistency
with end use requirements and the significant life
characteristics of the particular cotqwnent. Typical
environments are ambient, thermal, thermal vacuum, and
various combinations of these. The test sample shall be
selected at random from productfon units or shall be a
qualification und t. The test shall be designed to
demonstrate the abllIty of the component to withstand the
maxfmum operatfng time and the maximum number of operational
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cycles predicted during its service life with a suitable
margin. For components having a relatively low percentage
duty cycle, it shall be acceptable to compress the
operational duty cycle into a tolerable total test duration.
For components which operate continuously in orbit, or at
very high percentage duty cycles, accelerated test techniques
may be employed if such an approach can be shown to be valid.

6.4.13.3

a.

b.

C .

d.

Test Levels and Duration

Pressure. Ambient pressure shall be used except
for unsealed units where degradation due to a
vacuum environment may be anticipated. In those
cases, a pressure of 0.0133 pascals (0.0001 Torr)
or less shall be used.

Environmental Levels. The maximum predicted
environmental levels shall be used. For
accelerated life tests, environmental levels may be
selected that are more severe than flight levels,
provided the higher stresses can be correlated with
life at the predicted use stresses and do not
introduce additional failure mechanisms.

Duration. The total operating tiine or numhec of
operational cycles for a component life test shall
be twice that predicted during the service life,
Including ground testing, in order to demonstrate
an adequate margin.

Functional Dutu Cucle. Complete functional tests
shall be conducted before the test begins, after
each 168 hours of operation and during the last 2
hours of the test. An abbreviated functional test
shall be conducted periodically to ascertain that
the component is functioning within specification
limits.

-6.4.13.4 Sumlementaru Reauirements.  For statistical type
life tests, the duration is dependent upon the nmber of
samples, confidence, and reliability to be demonstrated.

9.4.2 Rationale,for Life Test Reauirements. This test is
intended to demonstrate a component’s capability to perform for
its mission duration. It is anticipated that it will be used
when wearout, fatigue, or drift characteristics are unknown, and
when premature failure will compromise mission goals. When
these characteristics for an item have been determined to be
adequate, a qualification life test is not required. This test
does not demonstrate a quantitative reliability, such as
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obtained from a Reliability Demonstration Test. The primary
concern is hardware having moving parts, e.g., moving mechanical
assemblies OK electromechanical assemblies. Other items such as
batteries and pressure vessels may also be of concern.

9.4.3 Guidance for Use of Life Test ReClUiKelTtentS. It is
necessary to plan the life test specifically for each hardware
item. The test should closely simulate actual usage condition6
in term6 of function, cycling, environment, and stress.
Ideally, the test should continue to failure, and it should
employ statistical samples which determine the mean wear out and
variance, with the low end of the variance being in excess of
the life requirements. However , this approach is usually not
cost-effective or practical. Test unit availability is usually
limited, with only one item often specified for qualification.
Because two time6 the design life is specified as a duration for
the test, the testing time can be excessive. Also, the life
capability may be far in excess of the requirements, so testing
to failure could take a long time.

Some classes of components rarely need life testing. MO6t
of these component6 are electronic hardware. The life of
electronic hardware which use solid state technology, proven
packaging, and proven interconnection techniques ha6 been
adequate for normal space vehicle life requirements. If a
component uses unproven interconnection OK packaging techniques,
then failure OK fatigue due to incompatible coefficients of
expansion should be considered. Such a component should be
subjected to temperature cycling tests with many cycle6 of
extreme range. Assurance of adequate life of electronic
components can often be demonstrated at the part level. Parts
should receive  qUalifiCatiOn  t66t6, USUally including life
testing. Part life qualification tests. especially tests of
electromechanical parts, should be reviewed for compatibility
with mission needs.

9.5 COMPONENT BURN-IN TEST

9.5.1 Standard Criteria. Contents of Paragraph 7.3.9 of
MIL-STD-1540B (requirements for burn-in test, component
acceptance) are as follows:

9.3.9 Bum-in Test, Comvonent Accem%nce

9.3.9.1 Purpose. The purpose of the burn-in test shall be
to detect material and workmanshfp defects which occur
early in the component lffe. .

9.3.9.2  Test DescriPtfon. A modified thermal cycling test
shall be used to accumulate the addftfonal operational
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hours required for the burn-in test of electronic and
electrical components. While the component is operating
(power on) and while perceptive parameters are being
monitored, the temperature of the unit shall be reduced to
the specffied low temperature level. The unit shall be
operated at the lw temperature level for one hour or
longer. The unit temperature shall then be increased to

. the specified high temperature level and operated for 1
hour or longer. The temperature shall then be reduced to
ambient to complete one cycle of the burn-in test. The
transitions between lw and high temperatures shall be at
an average rate greater than 1 deg C per mtnute.

For valves, thrusters, and other items where the
number of cycles-of operation rather than hours of
operation is a better method to ensure detecting infant
mortality failures, functional cycling shall be conducted
at ambient temperature. For thrusters, a cycle is a hot
firfng whfch includes a start, steady state operation, and
shutdown. For hot firings of thrusters utilizing hydrazine
propellants, action shall be taken to assure that the
flight valves are thoroughly cleaned of all traces of
hydrazfne propellant follwing the test firings. Devices
that have extremely limited life cycles such as posItfve
expulsion tanks are excluded fromburn-in test requirements.

7.3.9.3 Test Levels and Duration

a. Pressure. Ambient pressure should normally be
used.

b. Temperature. For cycling of electronic and
electrfcal  components, the extreme temperatures
specified in.7.3.3.3.b shall be used.

C . Duration. The total operating time for
electronic and electrical component burn-in shall
be 300 hours includfng the operating time during
thermal cyclfng per 7.3.3. The minimum number of
temperature cycles shall be 18 fncludfng those
conducted during the thermal cycling acceptance
test. Additional test time beyond that required
for thermal cycling shall be conducted at either
nbaximum or minimum temperature. The last 100
hours of the component burn-in test shall be free
of failures. For valves, thrusters, and other
components where functional cyclic testing 1s a
better burn-in method, a minimum df 100 cycles
shall be conducted.
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d. Functional Duty Cvcle. Functional tests shall be
conducted at the start of this test to provide a
baseline reference for determining if performance
degradation occurs. The functional test shall be
repeated after 150 hours of operation and during
the 1 ast 2 hours of the thermal cycling test.
Perceptive parameters for all circuits, including
all redundancy, shall be monitored to the maxlmum
extent possible during the entire test sequence.
on-off cycling of the electronics component shall
be conducted durfng the test to simulate
opera Mona1 usage.

7.3.9.4 Sutwlementaru Reauirements. The reduction of
system level failures by burn-in at the component level has
a favorable impact on costs and schedules by stabilizing
the failure rate at or near its minimum and ensuring the
highest probability of mission success.

9.5.2 Rationale for ComDonent Acceatance Burn-in Test
Reauirements. These tests are conducted at the component
acceptance level as a screen for workmanship and material
defects, or for some mechanical components, to wear-in moving
surfaces. The objective is to eliminate infant mortality,
INdebug" the hardware, and enhance long-term reliability. Useful
screens to enhance these objective6 are temperature cycling,
constant temperature soak, continuous power application, power
cycling, vibration, and VariOU6 Combination6 Of these tests.
Random vibration is usually a separate test, but temperature
cycling, temperature Soak, and power on-off cycling are all part
of the typical burn-in test. Temperature cycling with power
cycled on and off is usually considered the most effective
screening test for electronic hardware. Ambient temperature
power-on screening may be effective for wear-in of moving
SUrfaCeS. The length of the operating cycle (duty cycle) can
have an effect on reliability. Frequent on-off cycling in
service might introduce failure mode6 which should be 88debugged18
during burn-in by simulating the expected usage conditions. The
temperature soak might provide a screen for failure mode6 that
could occur during in-service temperature cycling.

Most satellite program6 perform within comparatively benign
temperature conditions. If the temperature cycle range were
based only on these benign conditions, little thermal stress
would be produced. Therefore, the Condition6 established in
MIL-STD-1540B, providing for an 85 deg C range, 300 hOUr6
duration.(including  other tests), and 18 cycles minimum, were
designed to produce thermal stress which will screen out latent
defects.
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9.5.3 Guidance for Component Acceutance Burn-in Test
Reauirements. The most important burn-in test is temperature
cycling. The three key variables are the number of cycles, the
rate of change in temperature, and the temperature range.
Usually, the faster the rate of change, the larger the range,
and the more cycles, the more effective the test.

Rates of change from -17.2 deg C per minute to 4.4 deg C
per minute have been used, with the faster rates providing the
best screening. The rates in MIL-STD-1540B were established to
be consistent with the capabilities of equipment available to
most contractors.

It is important that intermittent discrepancy conditions be
discovered. Therefore, the test should be performed in a
monitored power-on mode, including the temperature transition
periods.

The hardware maturity, hardware design, and conditions of
manufacture and quality control are variables which can affect
the needed burn-in period. MIL-STD-1540B has standardized on
300 hours as the needed period, based on successful program
practices. This 300 hours is the cumulative power-on testing
during the entire component acceptance test. Due to the
potential variables which can affect the burn-in period, the
duration could be considered a tailoring parameter. If data are
available which show (for a given manufacturer and design) that
longer or shorter times are needed to reach the end of the
infant mortality period, then tailoring should be considered.
The 100 hours failure-free requirement should be maintained to
provide a little confidence that the infant mortality period has
been passed. Of course, for items that are intended to last for
years without failure, the 100 hours of failure-free operation
is more reassuring that statistically significant.
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SECTION 10

LEVEL QUALIFICATION AND ACCEPTANCE TESTS

10.1 STANDARD CRITERIA

Contents of Paragraphs 6.5 and 7.4 of MIL-STD-1540B
(requirements for subassembly level qualification and acceptance
tests) are as follows:

6.5 SUBASSEHBLY  LEVEL QUALJFICATION  TESTS

Subassembly level qualification tests shall be conducted
on those subassemblies that are subjected to environmental
acceptance tests at the subassembly level. For other
subassemblies, qualification tests are to be considered as
optional unless specified otherwise in the contract.
Functional or environmental qualifjcation  tests may be
conducted at the subassembly level to detect material and
workmanship defects, or to measure crl tical parameters,
that cannot be accomplished  satisfactorily at higher
levels of assembly. When subassembly level qualification
tests are planned, the subassemblies may be tested to
samilar requirements as components, or if more stringent
requlremen ts are used for acceptance test stress screenfng,
then the more stringent levels shall be the basis for the
qualification tests. In general, all parts shall be
qualified to maximum and mfnfmum environmental levels well
in excess of the levels predicted for their specific
application fn the space vehicle.

9.4 SUBASSEHBLY LEVEL ACCEPTANCE TESTS

These tests are to be considered as optional unless
specified otherwise in the contract. However, subassembly
level acceptance tests are often cost-effective measures
for reducing or avoiding failures in higher level tests
and possibly In orb1 tal operations. Accep tame test
should be conducted at the subassembly level where this
level provides a more perceptive test than would be
possible at either the part or the component level.
Functf onal or environmental acceptance tests are usually
conducted at the subassembly level to detect material and
workmanship defects, or to measure critical parameters,
that cannot be accomplished satisfactorily at hlgher
levels of assembly. When these acceptance &es ts are
planned on subassemblies, they may be tested to similar
requirements as components, or more stringent requirements
for stress screening may be used.

129



MIL-HDBK-340 (USAF)
01 JULY 1985

10.2 RATIONALE FOR REOUIREMENTS
--

The general rule is that it is almost always cheaper to
find a problem at the lowest level of assembly possible. This
means that subassembly testing should always be considered. The
fact that MIL-STD-1540B may not specifically require subassembly
testing does not in any way mean that it should not be done.
Proper design requires that items at each level of assembly
should have broader parameter tolerances and narrower
environmental ranges than the subtier  items that are used in its
fabrication. In that way, manufacturing defects can be screened
out at the lowest level of assembly possible, and items that
pass subtier screening tests should not be expected to fail
subsequent tests. Also, critical parameters that cannot be
accurately measured at higher levels of assembly must be
evaluated at lower levels of assembly. This usually means that
some form of stress-screening tests are cost-effective at the
subassembly level.

The extremely high cost of an on-orbit space vehicle
failure means that all parts, materials, subassemblies, and
components must be designed and fabricated to assure high
r e l i a b i l i t y . Testing of the space vehicle itself and its
components provides necessary screening checks, but they are
insuff ic ient  to assure the reliability of the space vehicle. In
other words, in-process screening tests, including stress
screening, must be used at the subassembly level, and at all
subtier levels where appropriate, to assure a reliable space
vehicle .

10.3 GUIDANCE FOR USE OF REQUIREMENTS

10.3.1 ADDliCabilitY  of Subassemblv Testing to Mechanical,
Electromechanical, and Electronic Subassemblies. Subassembly
testing  is almost always applicable to electronic equipment 6UCh
as printed circuit or wiring boards. Mechanical and
electromechanical subassembly test6 are generally performed on
equipment containing moving parts if the parts can be
practically tested when removed from the case of the assembly or
component. For example% they are applicable to a solenoid coil
or to actuator-subassemblies for space vehicle shrouds, solar
panels, and antennas. In a component level test the component
ca6e is the fixture for the subassembly, but in a subassembly
test a special fixture is used to hold the subassembly.
Difficulty in designing and using such test fixtures may result
in a decision to eliminate environmental stress from t h e
subassembly tests.

Electronic subassembly test .fixtures  are often simpler to
design and use than mechanical subassembly fixtures. However,
fixture design to simulate mounting within the component

130

__



MIL-HDBK-340 (USAF)
01 JULY 1985

relative to dynamic and thermal responses can also be complex.
The subassembly tests are essentially environmental and
functional tests of individual circuit boards. The testing
concentrates on the electronic functioning of the circuit when
it is exposed to environments such as vibration and temperature
extremes. At the electronic component level, there is often
difficulty in disassembly or failure isolation, and proper
subassembly repair or replacement can be dificult due to test
point availability and access problems. Subassembly level tests
with or without stress screening can be used to alleviate these
problems.

Parts screening usually is conducted using the maximum
range of design or qualification conditions in the part
speci f ications. Assuming proper applications of the parts,
those conditions would always be more severe than the conditions
specified for subassembly or component screening. Since the
subassembly OK component tests do not duplicate the stringent
conditions of part level testing, they should never be viewed as
a substitute for part level screening.

10.3.2 Test Procedures for Subassembly Tests. The
following are major tests performed as common industry practices
on space system subassemblies, as applicable to the individual
unit under test:

0 Electrical  tests --continuity and short test,
dielectric withstanding voltage, and insulation
resistance

0 Functional test

0 Burn-in and wear in tests

0 Thermal cycling test

0 Random vibration test

0 Particle screening test

0 Over-stress screening

The nature of some subassemblies imposes restrictions on
some of these StreSS-Screening subassembly tests. For instance,
temperature limitations may be imposed if certain oscillators
are present on a circuit board, because they will not withstand
more than a limited temperature range. Some boards may have
inherent limitations for exposure to vibration, such ae with
boards of a 41foamed11 component which are to be tested before
foaming. In that case, the vibration test spectrum must be
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tailored to avoid damaging the mounted but unfoamed parts.
Another example is electro-optical subassemblies, which can be
damaged by more than a limited rate of temperature change during
thermal cycling tests. All tests must be designed with the
applicable restrictive factors in mind.

Over-stress screening is a special testing technique where
the test levels Used exceed the design level6 for the item.
Over-Stre66 Screening is usually invented after an item ha6 been
fabricated to uncover particular types of latent defect6 or
incipient failure6 that were,just discovered in the items, and
that cannot be uncovered by other means. For example, nicks may
be discovered in the insulation of some of the wiring used in a
wiring harness designed for a 28-volt circuit. It is known that
when insulated wiring is exposed to about 1500 volts, an
examination of leakage current will indicate the presence of
nicks and other defect6 in the insulation. By exposing the
28-volt wiring to 1500 volt6 a6 required to reveal the defect6
in the insulation, an over-stress screening of the wiring can be
Used to identify the defective wire. Similarly, higher than the
design levels of shock, vibration, temperature, pressure,
radiation, or combination6 of these or other parameter6 may be
used to uncover certain type6 of defect6 in a particular device

'Or subassembly. ObViOUSly, extreme care must be used in
selecting any form of over-stress screening in order to avoid
test conditions that may damage the item being tested. For this
reason. an over-stress screening test that is appropriate for
one particular type of item may be inappropriate for another
type of item, even though the type of defect being screened is
the same.

To illustrate the kind of problem6 that need to be avoided,
suppose the 1500 volt6 used for indicating the presence of nick6
and other defect6 in the wiring harness over-stress screening
damage a connector or other part attached to the wiring
harness. Clearly, that would not be a good over-stress
screening test. In another case, a vibration over-stress
screening test intended to identify any loose electrical
connection6 could produce a condition which causes small Crack6
(a potential or latent failure) in one of theeitemS. The Crack6
may cause an actual failure in a subsequent component or system
test. That in turn might result. in lo.ng delay and expense to
correct the failure. Or, an undiscovered crack might cause a
failure in orbit, resulting in partial 106s of the mission.
This illustrate6 that there is some financial and technical risk
inherent in subassembly over-stress Screening. However, careful
analysis and prudent choice of the over-stress can greatly
reduce the risk. Of course, the over-stress damage potential
could be avoided by always including all test environments in
the required design environment and thereby avoid after-the-fact
over-stress screening decisions.
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Technical necessity and cost-effectiveness of subassembly
testing are both dependent on the specific program being
considered. Design factors such a6 board design complexity,
number of subassemblies, parts reliability, parts testing
program, toughness Of SUbaSSembly environments, and amount Of
subassembly testing time are dependent on the Specific program
under consideration. Cost factors such as the cost of test
equipment and the testing cost6 are also dependent on the
specific item under Consideration. If possible, a risk versus
cost-effectiveness analysis for subassembly testing should be
performed for each item.

10.3.3 Siunificant  Data from Subassembly Thermal Cyclinq
S t r e s s  Screeninq. Data which indicate the test-effectiveness
and cost-effectiveness of subassembly thermal cycling stress
screening have been reported by two large corporations.

Cornoration lfiA1t Investiaation

Corporation 'IA" performed an extensive experimental
investigation of effectiveness of thermal cycling stress
screening of circuit boards.

There were 1,248 missile system circuit board6 stress-
screened in a thermal Cycling environment between -40 deg C and
+75 deg C for up to 48 cycles, while prior normal circuit board
ambient temperature acceptance tests were retained. The rate of
change in temperature was 10 deg C and 20 deg C per minute.

The failure histories of components containing these
stress-screened boards and identical component6 with
unstress-screened boards were monitored from ambient temperature
SUbaSSembly  test6 and environmental component tests through
customer ambient temperature component tests. The components
containing Stress-Screened  circuit board6 proved to have lower
failure rates, as their failure rate (in the customer component
tests) was only one-fourth of the failure rate of components
with unstress-screened boards.

It was concluded that circuit board thermal cycling stress
screen_ing is clearly effective for reducing component failure
rates. The available data were not sufficient to show the
effect of circuit board stress screening on system level failure
rates, but the potential exist8 for reducing system level
failures and improving system level reliability.

Corporation “B11 Operations

Corporation IOBlt started thermal cycling stress screening of
circuit boards while still retaining ambient temperature
subassembly testing. There were 55 repetitions of a 2-hour
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cycle between -55 deg C and +80 deg C. For 68 computer memory
circuit boards, the failure rate in the subassembly level tests
performed before and after stress screening was reduced from
27.4 to 11.8 percent, a reduction of 57 percent in failure
rate. The failure rate at the component level was reduced from
20.8 to 13.2 percent, a reduction of 37 percent in failure
rate. This is illustrated in Table XVI. A cost-effectiveness
computation showed a net yearly savings of 12,573 person-hours
for electronics test operations due to the institution of stress
screening.

TABLE XVI. Reduction in Failure Rate Due to
Stress Screening.

Tests on No Stress With Stress Percent Reductior
68 Circuit Board6 Screening Screening in Failure Rate

SUbaSSembly  test6 Failure Failure 57%
rate rate
= 27.4% = 11.8%

Component tests Failure Failure 37%
rate rate
= 20.8% = 13.2%

10.3.4 Siunificant  Data from Subassemblv Testing for A
Larae Snace Vehicle Program. Consultations with engineers
closely involved in testing of a large military satellite
program revealed the data 6hOWn in Table XVII concerning these
space vehicle tests. These data are from normal testing
operation6 (not stress screening).

The number of failure6 was largest at the subassembly
leve l . Failure6 at the higher levels were dramatically less
than subassembly test failures. These data tend to indicate the
test-effectiveness of subassembly tests. The data do not prove
that SUbaSSembly  testing imprOVeS space vehicle reliability: but
the potential for improved reliability exists, since it is not
clear that testing only at the higher levels of assembly would
have revealed all the failure6 found by subassembly tests. Of
course, it would have been more costly to correct the failures
had they been discovered during testing at the higher levels of
assembly.
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TABLE XVII. Data from Subassembly Testing for a
Large Space Vehicle Program.

Test Total Number of
Hardware Failure6

Circuit board6 and slice tests for 3700 boards, 192
4 satellites (subassembly tests) 1256 6liCe6

Component acceptance tests for 388 component6 69
4 satellites

Satellite integration operation6 3 satellites 18
(subsystem tests)

Satellite acceptance tests
(space vehicle tests)

3 satellite6 12

10.3.5 Guidance Summary. Subassembly testing decision6
are component and program dependent, and should be made by
program management with guidance from design and test
engineering. Subassembly tests may be optional: however, if
critical parameters cannot be adequately verified by tests at
higher or lower assembly levels, they should be verified by
subassembly tests. Testing and replacement of defective unit6
at the 6Uba6Sembly level usually involve relatively fewer
engineers, technicians, and piece6 of te6t equipment than at the
component or space vehicle level. A test failure at the
component, subsystem, or system level can involve many engineers
and technicians and large-scale test setups, and can cause
extensive delay to an entire project. The expense of an
extensive 6UbaS6embly test program can often be justified based
only on avoiding the potentially higher expense of what
otherwise could be failure6 during component, 6UbSyStem, or
system test6. However, a risk ver6u6 cost-effectivenees
analysis should be performed to evaluate the effectiveness of
subassembly tests for each specific test program.
Unfortunately, the technical necessity of specific subassembly
tests, and the related historical cost data, are generally
unavailable. Also, insufficient data exist at this time to
prove whether on-orbit reliability of spacecraft have been
increased by performing subassembly tests. However, it is Clear
that there is both a potential for cost saving6 and a potential
for improved reliability.
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It is generally cost-effective to require space system
subassemblies to be subjected to electrical continuity,
functional, burn-in, thermal cycling, and random vibration
tests . The technical parameters of these subassembly tests
should be specified individually for each item by the system
program office with guidance from design, test, and reliability
engineers. The testing should be performed either to the same
stress-screening environmental limits as the higher tier
component tests or to tougher stress-screening limits applicable
to each subassembly.

J
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SECTION 11
-

FLIGHT USE OF QUALIFICATION EQUIPMENT

11.1 STANDARD CRITERIA

Contents of Paragraphs 8.0 through 8.4 of MIL-STD-154OB
(flight use of qualification equipment) are a6 follows:

8.0 FLIGHT USE OF QUALIFICATION SQUIPMENT

Qualification tests are conducted to demonstrate that the
design, manufacturing, and assembly have resulted in
hardware conforming to specification requirements.  The
qualification  tests required by this document fncorporate
the envlronmental design margin into the test levels to
assure that flight units will meet the operational
requirements for their servfce life. The vibration tests,
acoustic tests, and thermal tests produce cycUc stresses
that can encroach on the fatigue margins of interconnect
wiring. solder joints, structural members, and similar items
in the qualification test unf ts. If equlpment that has been
subjected to qualffication testing is planned for subsequent
flight use, ft is possible that the remafning fatigue
margins are so low as to present a high risk of failure
during flight. This is primarily due to the use of high
test levels and long test durations during the baseline
qualiffcation tests. Therefore, the actual vehicle used for
the 6.2 vehicle qualifdcat1on  tests or the components used
for the 6.4 component qual1f1caUon tests may not be
suitable for subsequent flight.

Nevertheless, initfal program costs and schedule constraints
may force the consideration of ways to make units used for
qualification testing acceptable for flight. It should be
recognfzed that the use of qualification items for flight
always presents a higher rAsk than the use of standard
acceptance- tes ted 1 terns for f 1 f gh t . This risk may b e
reduced by various strategies such as reducing qualification
test levels and durations to reduce the encroachment on
fatigue and wearout margIns. The strategy used should be
based upon specific program considerations. One method has
been to replace all components on the qualification vehicle
WI th "new" components that have passed corqponent acceptance
tests (see 8.3). Another way was to 1 ower the space vehicle
qualification test levels and test duration to avoid
excessive encroachment on margins (see 8.2). On some
progr- , one or more qualjff ca tion components have been
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used as flight components (see 8.1). In such cases where
program considerations are overriding, the contract may
direct, or the contracting officer may approve, the use of
qualification units for flighr. some of the strategies that
have been used are presented in the following examples.

8.1 USE OF THE QUALIFICATION COMPONEh'TS  FOR FLXGHT

When the qualification components axe planned for flight
use, the component qualification rest program shall be
modified from that specified in Section 6 to reduce cyclic
stress levels. In ‘addition, the component qualification
testing shall be conducted on flight spares so thar flight
use Is delayed or possibly never required. The flight space
vehicle in which these qualification components are
installed shall be acceptance-tested in accordance with the
requixements  of 7.1. This space vehicle qualification  would
be based on the requirements of 6.2.

8.1.1 Component Qualification Tests. When the componenr
qualiflcarion tests are conducted on a component intended
for subsequent flight, the component acceptance rests
required by this standard are waived, except for the burn-in
acceptance test of 7.3.9, and only the qualification rest
baseline specified in 6.4 is required with the following
exceptions :

a. For the component thermal vacuum test f 6.4.2/,  the
temperature extremes shall be 5 deg C beyond the
minimum and maximum predicted temperatures.

b . For the component thermal cycl Ing test (6.4.3) ,
the temperature cycles shall be conducted at 5 deg
C beyond the acceptance temperature extremes
(7.3 .3 .3  bl.

C . Par the component vibration qualification test
16.4.51,  the rest level shall be 3 dB g r e a t e r  t h a n
the maximum predicted revel but not less than 9
W=s.

d. For the component acoustic qualification test
(6.4.61, the test level shall be 3 dB greater  than
the maximum predicted Newel  but not less than 141
dB overal l .

e. For the conponent pyrotechnic  shock test 16.4.71,
the shock spectrum shall be 3 dB greater than the
maximum predicted level.
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f. For the component pressure test (6.4.101, only
proof pressure tests per 6.4.10.3 a and b shall be
conducted.

8.1.2 Comvonent Certification for Flight. Upon completfon
of the modified qualification test program, the component
test history shall be reviewed for excessive test time and
potential fatigue type failures to determine if the unit is
acceptable for flight or if refurbishment  is required.
Mission and safety critical qualification components should
not be used for flight in systems where a redundant
component 1s not provfded.

8.2 USE OF THE FLIGHT VEHICLG FOR SPACE VEHICLE LEVEL
QUALIFICATION

When the flight vehicle is also used for the vehicle level
qualification tests, the space vehicle qua1 iflcation test
levels and durations shall be reduced as defined fn 8.2.1.
The components installed in this flight vehicle shall be
acceptance-tested in accordance with the requirements of
7.3. The component qualificatfons  would be based on the
requfrements of 6.4.

8.2.1 Space vehicle Qualification Tests. If the space
vehicle quallf&ation tests are to be combined with the
flight vehicle acceptance tests, the space vehicle level
acceptance tests required by this standard are waived, and
only the quallffcation  test baseline in 6.2 is required with
the following exceptions:

a. For the space vehicle acoustic quallf1catlon  test
f6.2.3), the test level shall be 3 dB greater than
&he maximum predicted level but not less than 141
dE overall. The duration of the test shall be the
same as for the space vehicle acoustic  acceptance
test (7.1.3.3).

b. For the space vehjcle vibration quallffcatlon  test
(6.2.4), the test levels shal-1 produce vibration
responses in the equipment which aze 3 dB greater
than the maximum predicted level. -The duration of
the test shall be the same as for the space
veh;tcle vibration acceptance test (7.1.4.3).

C. For the space vehfcle thermal vacuum qua1 lfication
test (6.2.7),  the number of hot-cold cycles shall
be four and the temperature extremes shall be 5
deg C beyond the minimum and maximum predicted
temperatures.
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d. If the optional space vehicle thermal cycling test
(6.2.9)  is adopted as baseline, the minimum space
vehicle temperature range shall be 60 deg C. The
test should include 15 percent more thermal cycles
than the space vehicle thermal cycling acceptance
test (7.1.8.3).

8.2.2 ‘Space Vehicle Certification for Fliqht. upon
completion of the modified space vehicle qualification test
program, the vehicle test history shall be reviewed for
excessive test time and potential fatigue-type failure to
determine if the vehicle is acceptable for flight or if
refurbishment is required. If significant modifications are
incorporated or numerous components are refurbished or
replaced with new components subsequent to qualification
testing, the space vehicle acceptance baseline specified in
7.1 shall be required prior to launch certification.

8.3 USE OF THE QUALIFICATION VEHICL&' FOR FLIGHT

when the space vehkle used for vehicle level qualification
testing of 6.2 is planned for subsequent flight use, all
components shald be replaced with "new" components that have
passed the component acceptance tests. The space vehicle is
certified for flight when it satisfactorily completes the
vehicle level acceptance tests of Section 7.

8.4 OTHER STRATEGIES

Various combinations of strategy may be considered, depending
on specific program considerations and the degree of risk
deemed acceptable. For example, method 8.1.1 may be
combined with a vehicle qualified at reduced levels per
8.2.1 or with the qualification vehicle per 8.3. In such
cases, the provisions of both a#thods apply, and the
resultant risk would be increased appropriately.

11.2 RATIONALR  FOR FLIGHT USE OF QUALIFICATION EQUIPMENT
REQUIRHMRNTS

Past test practices (per MIL-STD-1540A) implicitly
prohibited flight use of components or space  vehic les  subjected
t o  q u a l i f i c a t i o n  t e s t  l e v e l s . MI.L-STD-1540B recognize6 that
program consideration6 may dictate the flight use o f
q u a l i f i c a t i o n  t e s t  a r t i c l e s . The increased cost and complexity
of space vehicle6 in combination with mounting pressure for cost
reduct ions  are the usual driving forces leading to this growing
p r a c t i c e  o f  f l y i n g  q u a l i f i c a t i o n  t e s t  a r t i c l e s . Both component6
and space Vehicle6 which have undergone environmental test at
qualification levels have been committed to an operational
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role . The conventional practice of retiring qualification
specimens from further service is still valid from a technical
point of view, since the reliable life remaining in an article
after the rigors of qualification testing cannot be established
with certainty. It is safer, in a technical sen6e, to test
flight components and vehicles to only acceptance test levels of
environment. These acceptance test levels represent the maximum
expected in service, but lie below qualification test levels by
the design margins. Driven by cost considerations, however,
some space vehicle programs have decided to fly their
quali f ication test  art ic les . The operational performance of
such equipment in Air Force and NASA space vehicles has
generally proven satisfactory. In most cases, however, there
were modifications to the usual qualification test program to
reduce the risk of flying “worn  out8’ test articles. It i s
likely that the practice of flying qualification test articles
will continue and expand. Guidance is therefore needed to
formulate appropriate qualification te6t programs for equipment
which will subsequently be used in service.

11.3 GUIDANCE FOR FLIGHT USE OF QUALIFICATION EQUIPMENT

MIL-STD-1540B recognizes that there are no standard
criteria for flight use of qualification equipment. It is noted
that the use of qualification equipment for flight presents a
higher risk than the use of standard acceptance-tested items for
f l ight . For items tested to their nominal design level (full
quali f ication) , this higher risk is primarily due to the
uncertainties regarding fatigue margins and the uncertainties
regarding the remaining life in the test articles following the
quali f ication te6t. For items qualified to less than their full
design levels  ( i .e . , reduced environmental margins for
quali f ication) , the higher risk in using the test article6 is
primarily due to uncertainties regarding differences between the
test environments and the actual flight environments as well as
uncertainties regarding the fatigue and wearout limit6 of the
test units. If a reduced level qualification test is used, then
production variabilities may also increase the risk in using
other units that may only be acceptance-tested, i.e., tested to
the maximum predicted flight environmental range.

In order to discuss the possible flight use of
quali f ication test  art ic les , it is necessary to define the
various possible  categories of the flight items. In this
diBCUBSiOn,  it is assumed that the design environment6 for the
items are in accordance with the definition6 in MIL-STD-154OB,
Section6 3.8, 3.9, and 3.10 (see Section 5.1 in this  handbook).
Full qualification testing means that the items are tested to
those design levels, and normal acceptance testing would
typically be to the maximum predicted environmental range during
f l i g h t . In this Context, there are four possible categories of
flight items as defined in Table X V I I I .
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TABLE XVIII. Possible Categories of Flight Items.

Category Description

Category I Items that have passed all normal acceptance
tests and Whose qualification is based upon
the full qualification testing of another
production unit

Category II Items that have passed all normal acceptance
tests and Whose qualification is based upon
reduced qualification testing of another
production unit

Category III A test item that has passed reduced level
qualification testing and is then Used as a
flight unit

Category IV A test item that ha6 passed the full
qualification testing and is then Used as a
flight unit

Although the components installed in a flight space vehicle,
particularly a production vehicle, are normally Category I
items, it is clear that any of the component6 could instead be
Category II, Category III, or Category IV items. Similarly, the
flight space vehicle into which the components are inStalled

. would normally be a Category I item; however, it is also clear
that it could instead become a Category II, Category III, or
Category IV space vehicle, depending upon both the vehicle level
testing that is conducted on that flight vehicle and the
qualification testing conducted on a separate space vehicle.

The baseline test program outlined in MIL-STD-1540B assumes
that Category I components are Used in a Category I flight
vehicle. That may mean higher testing costs than other
alternatives, since it require6 a full qualification test
program on another set of components and a full qualification
test program on a separate space vehicle. This particular
SUbSeCtiOn addresses ways t0 reduce the program COSt6 without
increasing the risk6 beyond what is acceptable. Therefore, this
Subsection Will not address the baseline Category, i.e.,
Category I component6 in a Category I space vehicle.
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- Example A illustrates an extreme case. One could postulate
a program where only a single set of components is built and
installed in a single space vehicle. One could further
postulate that the components and the space vehicle are only to
be tested over the maximum predicted flight environmental range
( i . e . , at normal acceptance test levels). The rationale in this
example would be that if there is only one set of hardware
produced, and if it is tested to the maximum predicted flight
environments, that should be enough to prove it is flightworthy.
In this example, the components are Category III and the space
vehicle would be Category III. Certainly, the one set of
equipment used in this case is less costly than the two sets
required for Category I; and certainly, the one set of tests at
acceptance test levels is less expensive and will have fewer
failures than the two sets of tests required for Category I.
The problem with this case is that the reductions in test levels
have completely eliminated any provisions for the environmental
design margin. The environmental design margin assures against
environments that may not adequately simulate flight
environments, allows retest without the risk of fatigue failure,
and provides for test equipment tolerances. For example, the
design margin accommodates the fact that the test environments
are applied one at a time, while in flight they are combined.
In addition, acceptance test levels are typically the maximum
predicted flight levels that may only be the 95th percentiles.
This means that more extreme flight levels might be expected on
some components at least some of the time, and that fact
increases the risk of failure during flight. It would therefore
seem unlikely that a space vehicle program would be willing to
accept the increased risks implied by Example A in the hope that
the total equipment and testing costs would be reduced.

Example B illustrates another case. It is assumed that the
qualification test articles that were tested over their full
design environmental range (full qualification) were installed
on a flight space vehicle that was then given a full
quali f ication test . In this case, the components would be-
Category IV and the space vehicle would also be Category IV .
Here the reduction in hardware costs and testing costs is
essentially the same as in Example A; however, since the test _
levels are higher in Example B, there are added risks that the
items may not pass the tests. If the tests are satisfactorily
completed, the risk of having a flight environment exceed the
component or space vehicle test environments is greatly reduced,
and the probability of mission success increases. On the other
hand, the potential for a component fatigue failure or wearout
has been increased due to the more severe testing in this
example. It would seem unlikely that a space vehicle program
would accept the increased risks implied by this example in the
hope that the total equipment and testing costs would be reduced.
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The examples given in Section 8 of MIL-STD-1540B for the
flight use of qualification test articles are intended to
present a more reasonable balance between increasing risks and
reducing costs than either Example A or Example B above. It is
important to recognize that the reduced qualification tests
discussed in Paragraphs 8.1.1 and 8.2.1 of MIL-STD-1540B are
suggestions and are not to be construed as recommendations or as
specific requirements. In order to provide visibility regarding
these reduced qualification test examples, Tables XIX
and XX compare the reduced qualification tests with standard
qualification test levels and durations.

TABLE XIX. Flight Use of Qualification Components: Modified
Test Program--Reduced Level Qualification Test.

Components for Qualification Com-
MIL-STD-1540B Standard ponents for Flight

Component Qualification Test Use: Reduced Level
T e s t s (Nonflight Use) Qualification Test

Thermal Test level has 10°C Test level has 5°C
Vacuum margin beyond max. d * margin beyond max. 6

min. predicted. min. predicted.
Minimum of 3 cycles. Minimum of 3 cycles.

Thermal Test level has 10°C Test level has 5OC
Cycling margin beyond max. 6 margin beyond max. 6

min. predicted. min. predicted.
Minimum of 24 cycles. Minimum of 24 cycles.

Random Test level has 6 dB Test level has 3 dB
Vibration margin beyond max. margin beyond max.” predicted. Min. of predicted. Min. of

12 grms overall. Min. 9 grms overall. Min.
of 3 min per axis. of 3 min per axis.

Acoustic Test level has 6 dB Test level has 3 dB
margin beyond max. margin beyond max.
predicted. Min. of predicted. Min. of
144 dB overall. Min. 141 dB overall. Min.
of 3 min. of 3 min.

Pyrotechnic Test level has 6 dB Test level has 3 dB
Shock margin beyond max. margin beyond max.

predicted. 3 shocks predicted. 3 shocks
per direction per per direction per
axis ; 18 shocks total. axis : 18 shocks total
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TABLE XX. Flight Use of Qualification Space Vehicles; Modified
Test Program--Reduced Level Qualification Test

Space Vehicle for
MIL-STD-1540B Standard Qualification
Space Vehicles Use: Reduced Level

Tests (nonf light use) Qualification Test

Acoustic Test level has 6 dB Test level has 3 dB
margin beyond max. margin beyond max.

Vibration

Table XIX shows examples of reduced qualification test
levels for qualification components intended for flight and a
comparison of these reduced test levels with standard
qualification test levels. Similar examples are shown in Table
XX for reduced qualification level space vehicle tests compared
with standard tests.

Note that the reduced qualification level component tests
are at one-half the design margins for full qualification
durations. The reduced qualification level space vehicle tests
are at one-half the design margins, and the test duration6 are
the same a6 the nominal vehicle acceptance test dUratiOn6. This
strategy still provide6 a funnel effect to maximize test rigor
at the lower level of assembly. Other variations in strategy
are possible and should be considered, depending on specific
program considerations.

11.3.1 Guidance for Qualification Test Margin6 On.
Qualification EqUiDment Used for Fliaht. Qualification test
requirement6 are established at level6 which exceed environment6
and stresses expected in operational service and in normal
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acceptance testing. This is accomplished by application of
environmental design margins to the maximum anticipated extremes
of the service environment. In general, the maximum expected
service environmental condition is augmented in terms of
amplitude and duration for dynamic and load-inducing
environments and in terms of temperature range for thermal
environments. NUmerOU6 considerations are involved in
determining appropriate margins. Only those which are affected
by a decision to fly qualification articles are treated herein.

11.3.1.1 Amnlitude versus Time. There is an uncertain
risk in using equipment with a relatively small remaining
fatigue life for flight. However, the risk of fatigue failure
can be reduced significantly by reducing qualification test
margins. In regard to the dynamic environments, e.g., vibration
and aCOUStiC6, the fatigue life is more strongly affected by
amplitude than by exposure duration. Assuming that 6tKeSS
level6 in a dynamic qualification test are above the endurance
limit (where fatigue damage is accumulated), a reduction in test
amplitude by a factor of two is expected to extend the fatigue
life'by more than an order of magnitude. This expectation is
based upon study of fatigue characteristics of typical materials
used in space Vehicles. Test duration provides an important
contribution to test effectiveness by allowing sufficient time
to monitor operational,performance  over an extended time. If
concern for possible fatigue damage during qualification tests
motivates a reduction in test requirements, an amplitude
decrease is therefore better than a test duration decrease.

11.3.1.2 Fatiaue Damaae Concerns. When the decision is
made to fly -qualification equipment, concern is often expressed
regarding the probable fatigue damage suffered by these article6
during qualification tests. Jn response to this concern,
concessions are sometimes granted in terms of decreased test
levels and exposure duration in order to reduce the pOS6ibility
of fatigue failure during flight. Such reduction should be
cautious, since the rigorousness of the qualification test is
thereby diminished. Although it is anticipated that the space
vehicle and components will not encounter flight conditions
exceeding.the maximum predicted environments, some uncertainty
is inherent in the predictions. The design test margins were
established to compensate for these and other uncertainties. A
reduction of the design test margin6 means a reduction in the
qualification test levels which increases the risk that
unexpected event6 may exceed the equipment design capability.
It is sometimes argued that rather than increasing the risk of
fa t igue  fa i lure  in  f l i gh t , the  qual i f icat ion test  specimens are
le66 r i s k y , because they benefit from substantial test margins
relative to the comparatively benign flight environment.
Essentially it is argued that the higher the test margins, the
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lower the risk of flight damage. Also, later  f l ight  art ic les
tested at acceptance levels benefit from high qualification test
margins, because more acceptance test repetitions can occur
before the capability demonstrated by qualification is
exceeded. However, regardless of the margin applied in setting
qualification test levels, the life remaining in the
qualification test article is still  undefined due to
uncertainties in estimating fatigue life.

11.3.1.3 Thermal Extremes. Thermal testing is generally
believed to be a less serious fatigue damage threat than dynamic
testing. The number of test temperature cycles and the test
exposure time are usually considerably less than the flight
environment. The number of thermal stress cycles is not
sufficient to provide the large number of stress reversals
required for fatigue failure. Thermal margins, which are fixed
increases in the maximum expected temperature ranges, do not
appear to influence fatigue life as strongly as the ratio-type
margins of dynamic and load environments. The hazard in testing
flight equipment to qualification temperature extremes lies in
the risk of exceeding the temperature design limits of the
hardware, but this risk is generally small. In most cases, the
qualification temperatures may be used for flight hardware with
a relatively low risk.

11.3.1.4 Vehicle Desicrn. Another ingredient involved in
qualification test margins is the space vehicle design
philosophy. Most space vehicles incorporate a high degree of
redundancy in system design by using redundant strings of
components. This redundancy is enhanced by cross-strapping of
individual components from one string to another.

With redundant components, it is assumed that only one of
the components has been qualification-tested and that the other
has been acceptance-tested. For this case, if  qualification- .-
tested equipment is used in one string and standard acceptance-
tested equipment is in the other string, a decision must be made
as to which string should be active initially, and which string
should remain dormant until required. Consideration should be
given to the somewhat higher risk of fatigue failure for the
qualification-tested equipment in one string, and the decision
should be made accordingly.

For mission-critical nonredundant applications, it appears
safest to fly standard acceptance-tested components that were
qualified using other nonflight qualification units.

11.3.1.5 Number of Plight Articles. Full qualification
testing is performed to show that the generic equipment can
operate at environmental levels that are more extreme than
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predicted. This provides confidence that variabilities among
flight articles and uncertainties in the testing and in the
prediction of environments are accounted for. At the same time,
a higher qualification test level adds some risk of fatigue or
other damage to the test article.

If the number of flight articles is large, no reduction of
qualification test levels may be appropriate. Although higher
qualification test levels may add some risk of fatigue damage to
the qualification test article, they add much confidence in the
adequacy of the generic .design. Successful completion of
qualification tests with larger margins also allow an increased
number of repetitions of acceptance tests of subsequent copies
without fear of fatigue damage. The articles following the
qualification article may be acceptance-tested only.

If just one or two flight articles are involved, the
qualification equipment used for flight represents a large
percentage of the total build. In order to minimize the risk of
fatigue damage to this equipment, a reduction in qualification
tests may be appropriate as shown in Tables XIX and XX of this
document. If relatively small variability exists between
production articles, the second and other articles following the
first article that was given a reduced qualification test may be
acceptance-tested only. If considerable variability exists,
those generic follow-on articles are recommended to be
qualification-tested with the same qualification margins as the __
f i r s t  f l i ght  ar t i c l e .

11.3.1:6  Consistency with Level of Assemblv. The
advisability of maintaining consistent qualification margins for
testing at diff.erent  levels of assembly is sometimes
questioned, However, the ralationship of test rigor and level
of assembly la purposeful. It is intended to aid in early
identification of environmental susceptibility. This @If unnel
e f f ec t ” is best preserved by maintaining consistent margins in
both component and space vehicle testing. If test requirement6
are consistent and properly established, the system level test
will approach, but not exceed, the stress level of component
test margins.

11.3.2 Guidance for BDDlication StrateaY on Fliaht  Use of
Qualification Zouiument. Beyond the consideration of test
margins, a number of flight- and test-related questions may
arise. ShmYld components which have been tested to
qualification levels be used to assemble the qualification test
vehicle, -0.r should the vehicle be built from components tested
at acceptance levels? If the latter, how should qualif icat-ion-
tested components be util-ized? Should they serve as flight
spares? Should qualification test components be refurbished and
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retested at acceptance levels prior to flight? What constitutes
refurbishment? In what order should the qualification test
vehicle be flown relative to other flight vehicles? Some views
on these questions are in the following text. The treatment is
not intended to be prescriptive but to provide points for
consideration.

11.3.2.1 Use of Qualification Components in Qualification
Vehicle. In general, it appears reasonable to use the
components subjected to qualification testing to build the
qualification test vehicle. Testing at lower levels of assembly
is normally more rigorous environmentally than at higher levels
of assembly, to aid in early problem identification.

Therefore, during the vehicle qualification test, the
qualification components will accumulate fatigue damage at a
relatively lower rate than they did during component
quali f ication. The idea of containment of the fatigue risk
within a single flight vehicle is also worthy of cons iderat ion .
In any event, space vehicles with adequate redundancy can
provide backup for the qualification components with redundant
components which have not been exposed to component
qualification test levels. The risk of catastrophic failure
causing loss of the mission is thereby diminished. This benefit
is lost, however, if internally redundant component designs are
used.

11.3.2.2 Use of Qualification Comnonents  as Suares.
Some believe that the qualification test components are best
utilized as spares to be used in the factory as needed and flown
only if needed, and that the qualification test vehicle should
be fabricated with acceptance-tested components. This strategy
appears prudent if the program makes no other provisions for
spares. In that case, it should be understood that these
qualification test components may be flown as needed without
reservation. This does not eliminate concerns with fatigue
damage. Spare units are subject to rework due to engineering
design changes or part replacement while on the shelf. Such
modification usually requires additional environmental
acceptance testing to validate the rework. In this manner,
qualification components used as spares may accumulate much more
test time than the normal acceptance test units. This should be
considered in estimating the risk.

11.3.2.3 Refurbishment. The question of refurbishment
of qualification equipment is ambiguous. It infers that
equipment exposed to qualification test levels requires
inspection or perhaps upgrade or repair. It may be prudent to
replace delicate mechanism6 (such as precision bearings) which
could suffer life-limiting damage that is difficult to
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immediately detect. However, the advisability of partial
disassembly, inspection, and rework of suspect area6 in
qualification component6 on a routine baSi6 should be
questioned. Su.ch rework usually imposes a requirement that
enVirOnmental.aCCeptanCe  tests be conducted after reassembly.

Discovery of incipient fatigue failure6 (which would
require rework) is highly uncertain. In fact, component
construction with foam sealant6 or potting compounds, and u6e of
many extremely small parts, make6 visual inspection difficult.
Aside from rework necessitated by mandatory engineering change,
replacement of suspect parts, and mechanisms WhO6e life is
diminished by test exposure, refurbishment doe6 not appear
fruitful and tend6 to add further test exposure to the equipment.

11.3.2.4 Fliaht Strateav. The decision concerning when
to fly the qualification test vehicle must be based on limited
experience. In the normal situation, where the first vehicle
built is qualification-tested, it seem6 logical to fly it
first. Past 6ucce66e6 indicate that the risk Of latent fatigue
or over-stress failure is low. Furthermore, the longer the
qualification test vehicle remain6 in the manufacturing
facility, the more likely it is to be reworked and retested.
Due to rapidly advancing technology, it is also subject to
obsolescence due to redesigned components. A6 long a6 the
qualification test component6 have been built to full
flight-quality standards, it appear6 logical to fly the vehicle
a6 soon a6 possible. This often would make it the first flight
article. Production or launch schedules may dictate that the
second production unit be completed prior to completion of all
qualification tests on the first unit. This would usually
result in designating the qualification unit a6 a launch spare
and then a6 the 6eCOnd flight article.

11.3.3 Summary of Guidance for Qualification Test MarQin6
and for Fliaht Use of Qualification Eauiument. The following
summary is a guide for structuring an environmental
qualification test program for test article6 to be used a6
flight hardware:

a. For dynamic tests, reducing the qualification
margin in term6 of amplitude rather than time
cause6 less fatigue damage and permits more
thorough performance testing.

b. Regardless of test margins, the fatigue'damage
sustained by qualification specimen6 is undefined.
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C . From a possible fatigue damage viewpoint, there
is less necessity for reducing test margins for
thermal qualification tests than for dynamic
teSt6.

d. Redundant system design reduces the mission Ki6k
associated with flying qualification-tested
equipment.

e. A program planning to build a significant number
of the same space vehicles may benefit by
maintaining larger design (qualification test)
margins.

f. Consistent test margins at different levels of
assembly would appear appropriate in most cases.

Q- Building the qualification test vehicle with
qualification-tested component6 represents a
reasonable approach.

h. For some components, general refurbishment of the
qualification test article may not be desirable
and may even be harmful.

i. If the qualification test vehicle is to be flown,
there appear6 to be little value in delaying the
flight until later in the program.

j. The use of qualification-tested components as
initial factory checkout units, or as flight
spares to be Used only if needed, has been a
successful policy on many space programs.
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SECTION 12

PRELAUNCH VALIDATION TESTS

12.1 PRELAUNCH VALIDATION TEST DESCRIPTION

12.1.1 Standard Criteria. Contents of Paragraphs 9.4,
9 . 4 . 1 , 9 .4 .3 ,  and  9 .4 .4  o f  MIL-STD-154OB ( d e s c r i p t i o n  o f
p r e l a u n c h  v a l i d a t i o n  t e s t s )  a r e  a s  f o l l o w s :

9.4 PRELJWNCH VALIDATION TEST DESCRIRYIONS. The prelaunch
validation tests shall exercise and demonstrate satisfactory
operation of the space vehicle through all of its mlss1on
phases, to the maximum extent practjcal  . Test data shall be
compared to corresponding data obtained in ?actory  tests to
Identify trends which indicate performance degradation
wi thfn speciflcatfon  limits. Each test procedure used shall
include test limits and success crfteria sufficient to
permit a rapid determination as to whether or not processing
and integration of the vehicle should continue. However,
the final acceptance or rejectfon decision, 1n most tests,
depends upon the results of post-test data analysis.

9.4.1 Functional Test. Electrical functional tests
shall be conducted that duplfcate, as nearly as posslble,
the factory functional tests of 7.1.1.2. Nechanical tests
for leakage, valve and mechanism operability, and fairing
clearance shall be conducted.

9.4.1.1 Simulators. Simulation devdces shall be
carefully controlled and shall be permitted only when there
ds no feasible alternatlve for conducting the test. When f t
is necessary to employ simulators in the conduct of
prelaunch val Ida tion tests of the space vehicle, the
interfaces disconnected in the subsequent replacement of the
simulators with flight hardware shall be revalidated.
Simulators shall be used for the validation of ground
support equipment prior to connecting ft to flight hardware.

9.4.1.2 Explosive clrcul ts. when explosive circuits
are involved, approved simulation devices shall be used
where appropriate. Before connection of pyrotechnic devices
to their respective circuits, line continuity checks shall
be made for the presence of the “Fire”  signal at the squib
connection when commanded. A line continuity stray voltage
check shall be made fPmediately prior to the connection of
any pyrotechnfc device, and
whenever that connection As
reconnection.

this check shall be repeated
opened and prior to
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9.4.3 Integrated System Tests. Total launch system
readiness shall be demonstrated through an integrated, fully
assembled launch systems test prior to flight. Thfs test
shall .linclude an evaluation of radio frequency frfl
Interference between system. elements, electrical power
Interfaces, and the co-d and control subsystems. On a
new space vehicle design or a significant design change to
the telemetry, tracking, or receiving subsystem of an
existfng space vehicle, a test shall be run on the fArst
vehicle to ensure nominal operation and that pyrotechnics
(simu2atorsl do not fire when the vehicle is subjected to
the worst case range electromagnetic interference
environment.

9.4.4 ComPatibilfty  Test, On-orbit Sustem

9.4.4.1 PurDose. This test validates the
compatfbflity of the space vehicle and the on-orbit cozmnand
and control network. For the purpose of establishing this
testfng bashline, it Is assumed that the on-orbit conmnd
and control network is (or operationally interfaces with)
the Air Force Satellite Control Facility (AFSCF).  This test
demonstrates the ability of the space vehicle, when in
orbit, to properly respond to the AFSCF hardware, software,
and operations team as specified in the AFSCF Orbital
support Plan. For programs which have a dedicated ground
statIon, compatibility tests shall also be performed with
the dedicated ground station.

9.4.4.2 Test Description. Facflities to perform
on-orbIt system compatibfllty  tests exist at the Uestern
Test Range (UTRI and the Eastern Test Range (ETR). At both
locations, the AFSCF can conanand the space vehicle and
process telemetry from the space vehicle as well as perform
tracking and ranging, thus verifying the rf compatfbllIty,
the conmnand  software, and the telemetry odes. The tests
include the following:

a. Veriffcatfon of rf, analog, and digital
compatibility of command, telemetry, and tracking
links.

b, Verification of AFSCF capability to control the
space vehicle using.single, block, unsecure, and
secure commands as required for on-orbit support.

c. Verffication of APSCF capability to process,
dfsplay, and zecozd space vehicle telemetry link
or lfnks as required for on-orbIt support.
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d. Verification of AFSCF capability to track the
space vehfcle using angle, doppler, and range
tracking as required for on-orbit support.

9.4.4.3 Supplementary Requirements. Thfs test should
be run as soon as feasible after the space vehicle arrives
at the launch base. The test is made with every space
vehicle to verify system interface compatibility.  The test
shall be run using the software model versions that are
integrated into the operational on-orbit software of the
space vehicle under test. A preliminary compatibility test
may be run prior to the arrival of the space vehicle at the
launch base by the use of prototype subsystems, components,
or simulators as required to prove the interface.
Preliminary compatibility tests may be run uslng preliminary
software. Normally, a prelImfnary compatibility test is run
once for each series of space vehicles to check desfgn
compatibility, and is conducted well in advance of the first
launch to pertit orderly correction of hardware, software,
and procedures as required. Changes in the interface from
those tested An the prelfminary  test shall be checked by the
compatibility tests conducted just prior to launch.

12.1.2 Rationale for Prelaunch Validation Tests. The
purpose of the prelaunch validation tests is to verify by
end-to-end tests that each critical path in the launch system,
in the on-orbit system,
‘ sat i s fac tory ;  i . e . ,

and in the reentry system is
there are no out-of-tolerance conditions or

anomalous behavior. Duplication of the factory functional tests
is also intended to provide data for trend analysis that might
provide evidence of a problem, even though all measurements were
within tolerances. Whether electrical, mechanical, or both, all
critical paths or circuits shall be verified from the
application of the initiating signal through completion of each
event. This testing is intended to verify that an event command
or signal was properly generated and sent on time, that it
arrived at its correct destination, that no other function was
performed, and that the signal was not present other than when
programmed. Once successfully accomplished, that particular
critical path or circuit is considered validated. Not all
end-to-end tests can be performed with only flight hardware, as
in the case where an explosive event is involved. In cases
where end-to-end testing cannot be performed with the flight
hardware, appropriate simulation devices should be used to
exercise the flight hardware to the maximum extent possible.
Simulation devices should be carefully controlled and should be
permitted only when there is no feasible alternative for
conducting the test. All of the events that occur during the
mission profile should be tested in the flight sequence to the
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extent that is practical. The space vehicle should be operated
through the ascent sequence, separation and engine ignition
phase,
phase.

orbital injection, on orbit, and if applicable, recovery
Redundant components and subsystems should also be

. validated in the same manner.

12.1.3 Guidance for Use of Prelaunch Validation Tests.
Because signals or commands can be communicated to the space
vehicle in a variety of w a y s , no single end-to-end test
configuration can be defined. Consequently, the term
“end-to-end test” was not used in MIL-STD-1540B,  but the
prelaunch validation tests described include the classical
functional tests, end-to-end tests,
in other documents.

and sequential tests defined
The end-to-end tests should include

negative logic tests to verify lockout, to assure that no other
function than the intended function was performed, and that the
signal was not present other than when programmed.

For the space shuttle cargoes that have a link through the
orbiter , the end-to-end test includes verification of orbiter to
cargo interfaces through an orbital functional simulator prior
to cargo installation in the orbiter.

The compatibility of the space vehicle and the on-orbit
command and control network is a further part of the system
end-to-end testing.

12.2 PROPULSION SYSTEM LEAK AND FUNCTIONAL TEST

12.2.1 Standard Criteria. Contents of Paragraph 9.4.2
of MIL-STD-1540B (requirements for propulsion system leak and
functional test) are as follows:

9.4.2 ProRulsion Sustem Leak and Functional Test. A
functional test of the space vehicle propulsion subsystem
shall be conducted to verify, to the maximum practical
extent, the proper operation of all components.
Propulsion system leakage rates shall be verified to be
within allowable limits.

12.2.2 Rationale for Pro&s%n  System Leak and Functional
Test R&auirements. Functional testing of the propulsion
subsystem is conducted to verify that all components are
operating properly. Leakage testing of the propulsion subsystem
is performed to verify that space vehicle transport and handling
has not degraded the previously factory-tested system.

12.2.3 Guidance for Use of Pronulsion System Leak and
Functional Test Reauirements. Prior to leakage testing, a
pressure test at maximum expected operating pressure (MEOP) is
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recommended. Leakage rates are recommended to be verified at
the MEOP unless specified otherwise. However, testing should be
conducted at the minimum pressure if the valves or fittings have
a greater tendency to leak at minimum operating pressures than
at maximum.

If.the structural integrity of the system has been violated
since the .ti.me that the last proof pressure test was conducted,
a proof pressure’test prior to leakage test is recommended. All
pressure tests at the launch site should be performed within the
requirements imposed by the existing range safety requirements.
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SECTION 13
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13.1 SUBJECT INDEX (continued)

Space Vehicle Pressure Tests .......................... 81 - 85
Space Vehicle Pyrotechnic Shock Tests ............. 75, 80 - 83
Space Vehicle Qualifcation  Tests ........................... 67
Space Vehicle Retest6 ............................. 48, 53 - 60
Space Vehicle Test Activity After Anomaly .................. 48
Space Vehicle Test Baselines .......................... 67 - 75
Space Vehicle Thermal Balance Tests ................... 90 - 93
Space Vehicle Thermal Cycling Tests ............... 73, 93 - 98
Space Vehicle Thermal Vacuum Test6 ................ 74, 85 - 90
Space Vehicle Vibration Tests .............................. 80
Static Load Test ..................................... 98 - 104
Stress Screening .................................... 131 - 136
Structural Design and Test Option6 ........................ 102
Structural Load Test ................................. 98 - 104
Subassembly Level Test Procedure6 ......................... 131
Subassembly Level Test6 ............................. 129 - 136
Subassembly Testing for a Large Space Vehicle ............. 134
SUbaSSembly  Thermal Cycling Stress Screening .............. 133
Tailoring.........................................~ ........ 34
Test Activity After Discrepancy ....................... 42 - 60
Test Baselines, Component ................................. 105
Test Baselines, Space Vehicle .............................. 67
Test Condition Tolerance6 .................................. 11
Test Data Analysis .................................... 60 - 61
Test Data Bank ........................................ 60 - 61
Test Discrepancy ...................................... 41 - 60
Test Factor6 ............................................... 119
Thermal Balance Tests, Space Vehicle .................. 90 - 93
Thermal Cycling Test Parameter6 ....................... 73. 112
Thermal Cycling Tests, Space Vehicle .................. 93 - 98
Thermal Uncertainty Margin ............................ 20 - 24
Thermal Vacuum Test Parameter6 ........................ 74, 111
Thermal Vacuum Tests. Space Vehicle ................... 85 - 90
Trend Data ............................................ 60 - 61
Ultimate Load6 ............................................. 14
Ultimate Pressure ......................................... 119
Vibration ......................... ..(a16 o see Random Vibration)
Vibration Tests, Space Vehicle ............................. 80

13.2 MIL-STD-1SQOB PARAQRAPH  CROSS REPERENCE INDEX

The cross reference in the following Table XXI is provided
to indicate which paragraph6 of MIL-STD-1540B are diSCU668d in
this handbook, and to identify the paragraph number6 and page
number6 of the corresponding diSCUSSiOn in the handbook.
Paragraph6 of MIL-STD-1540B that are not listed in this cross
reference are not specifically addressed in the handbook.
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